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PREFACE 



TO 



THE AMERICAN EDITION. 



This new Tolame, fVom the pen of Hugh Miller, is a legacy 
wholly nnlooked for by the American public. It was known to many 
of his admirers on this side of the Atlantic that he had been labor- 
ing for years on a woik designed to be the magnum optu of his life 
— "Thb Gsoloot of Scotlakd." But his untimely death, it was 
supposed, had cut short his labors, and left the work in a state so 
ftagmentaiy that his literary executors would not Tenture to publish 
it. The impression was a correct one, as related to the design of 
the author, in its magnitude and completeness. But the present 
Tolume supplies, to general readers, what the proposed work would 
hare done for the sdentlAc world. It gives the geological history 
of Scotland — and, with Scotland, of the world — in language intel- 
ligible to all, and with an affluence of anecdote, and incident, and 
literary allusion, in which Hugh Miller was without an equal 

among the sdentiflc writers of our century. It gives precisely what 
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a mnltitade of roaden in this coantiy have been longing to And — 
a rational accoont of the manner in which all the strata of the 
earth's cmst hare been formed, from the foondation of nnstratifled 
granite and gneiss to the allavial deposits of its surface. Scotland is 
literally taken to pieces, like a hoose of many stories; and one looks 
on the processes of the Divine Architect, as he would on the work 
of a human builder. The hjrpotheses (fbr they can be regarded 
only as such) are original, and curious, and plausible. Some read- 
ers, may doubt their accuracy, but none will question the eminent 
ability with which th^ are developed. The volume will add to the 
reputation of the author, and the popularity of his writings; and 
will aid many, who have a slight acquaintance with geological science, 
to form habits of practical observation in their country rambles. 

The American Publishers have . given the title of "Descriptive 
Sketches" to sundry papers which Mrs. Miller has selected fh>m 
unpublished manuscripts of *her husband, and to which, with charac- 
teristic modesty, she gave the simple name of "Appendix." Th^ 
regarded these papers as an important part of the volume, and de- 
manding, Arbm thelrMnlhiufic ineri&,'a distincftfve title. '^ 

Boston, Apbil, 1859. 



THE REV. ¥. S. STMONDS, 



SaOTOB OV FSVPOOK, ■XSaVOBDBHIBS* 



Dbab Sib, 

Aitt r presuming too mneh on my position, as merely the editor 
of the following J^etures, when I ask leave to dedicate them to yoo? It is 
unqneetiooably a liberty with the prodnetion of another which only very pecn- 
liar dreumstances can at all ezeose. Yet, in the present ease, I rentare to 
think that those piBeullar'eiKinnsCanees do aclst; andf I Usel Astnred he wioiild 
readily pardon bm, whose work this is, and whose memory yon so mnch revere. 
Without yosr cooperation, I believe that neither the " Cmise of the Betsey'* 
Bor these pages ooold by this time have s^n the light When my own ovei^ 
laden brain refused to do its dnty, you gave me to hope, by offers of well- 
tiBMd assistance, tha£ the task before me might still be accomplished. Your 
frtandly voiee, often heard in tones of sympathising inqolry when I was una- 
ble to endure your own or any other human presence,— even that of my dear 
child,— was for a time the only sound that brought to n^ heart any promise or 
cheer for the ftiture. It was then, while unable to read the very characters in 
which they were written, that I put into your hands the papers containing 
<'The Cruise** and "Ten Thousand Miles over the Fossiliferous Deposits of 
Scotland.** You undertook the editorial duties connected with them com omow, 
and performed your task in a manner that left nothing to be desired. 



During the preparation of the present volume for the press, you have given 
me all the advantage of your ready stores of information, both in carefhlly 
•cmtinlzing the text to see where any addition was required in the form of 
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notes, and in reftrring me to the best authorities on eyerjr point reftrding 
which I consulted jon. And while so doing, jou have eonflnned my own 
Judgment, — perhaps too liable to be swayed by partiality,— by expressing your 
conviction that this work is calculated to advance the reputation of its author. 
Long may you be spared to be, as now, the lift and soul of those scientiilo 
pnmiits so sucoessftilly carried on in your own district! Many a happy fleld- 
day may you enjoy in connection with tliat Society of which you are the hon- 
ored president Would that all aasodationa throughout our country were as 
harmless in their methods of Unding recreation, as inrigorating to body and 
mind, and as beneficial in their results to the cause of science! In exploring 
the beautlAil fields, and woods, and sunny slopes of Worcestershire, and Here- 
fordshire, in earnest and bealthftil communings with nature, and, I trust, with 
nature*s God, — the perennial springs of whose bounty are seldom quaflfed in 
this manner as they ought to be,— I trust that much, much hairiness is in store 
for you and for the other gentlemen of the Malvern Club,* to whom, as well as 
to yourself, I owe a debt of grateftU remembrance. 

And for the higher and nobler work whicli God has given you to do, may 

he grant you no stinted measure of his abundant grace, to enable you to pei^ 

form it aright. 

Ever believe me, dear Sir, 

Tours most Ikithfiilly, 

LYDIA HILLE&. 



* Th« Malwm Clnb dtvottf itated periodv-monfhly, I think,— to mnblw ovtr twenty w 
thirty miles of connfery, wlien the natnrmlieta of whom It li compoeed,— botanUtt, feolcfitte, 
etc.,— earrj on the reeearchei of their Tariouf depertmente •cpentclj, or In litUe fronpe of two 
or three, es they may deelre. They ell dtne efterwards together at an Inn, or flvm honee, ai the 
case may be. where they relate the adventaree of the day, dlaeoai their flivorite topics, and com- 
pare their newly-fbund treasures. Am a eonscqacnce of this, the M alrem Museum Is a perlbct 
model of what a local museum ought to be. There is no town or district of country where a 
ftw young men, poesesting the advantage of an occasional holiday, might not thus ttftnrffltt 
themsdvet with the utmost advantage both to themsdvea and otbeza. 
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INTEODUCTORT RlJSUMtf 



OF THB 



PROGRESS OF GEOLOGICAL SCIENCE. 



•• f." ^ '^ f. 



The following Lectures, with ^The Craise of the Betsey/' 
snd " Rambles of a Geologist," are all that remain of what 
Hagh Miller once designed to be hiB Afaximwn Opus, — The 
Gbologt of ScoTLANt). It IS Well, however, that his' ma- 
terials have been so left that thej can be presented ta the 
public in a shape perfectly readable ; famishing two volumes, 
each of which, it is hoped, will be found to possess in itself a 
uniform and intrinsic interest — differing in matter and man- 
ner arminch as they do in the form in which they have found 
an embodiment That form is simply (he 6tie natiiraHyariding 
out of the 'drcumstahces of the Author's life as they occurred, 
instead of the more artificiid pkm designed by hiniself, in which 
these circumstances Irodld probably, more or less, if not alto- 
gether, have disi^peiure^ Tet It may well 'be doubted whether 
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the natural method does not possess a charm which any more 
formal arrangement would have wanted. Every one must be 
struck with the freshness, buoyancy, and vigor displayed in the 
<< Summer Rambles ;**— qualities more apparent in these than 
even in his more labored Autobiography, of which they are, 
indeed, but a sort of unintentional continuation. They were 
the spontaneous utterances of a mind set free from an occu- 
pation never very congenial, — that of writing compulsoiy 
articles for a newspaper, — to find refreshment amid the fiuni- 
liar haunts in which it delighted, and to seize, with a grasp 
easy, yet powerful, on the recreation of a favorite science, as 
the artist seizes on the pencil from which he has been sepa- 
rated for a time, or the musician on some instrument much 
loved and long lost, which he well knows will, as it yields to 
him its old music, restore vigor and harmony to his entire 
being. My dear husband did, indeed, bring to his science all 
that fondness, while he found in it much of that kind of 
enjojrment, which we are wont to associate exclusively with the 
love of art. 

The delivery of these Lectures may not yet have passed 
quite away from the recollection of the Edinburgh public. 
They excited unusual interest, and awakened unusual atten- 
tion, in a dty where interest in scientific matters, and attend- 
ance upon lectures of a very superior order, are afiairs of 
every-day occurrence. Barely have I seen an audience so 
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profoundly absorbed. And at the conclnsion of tbe whole, 
when the lecturer's success had been triumphantly established 
(for it must be remembered that lecturing was to him an 
€xpertment made late in life), I ventured to urge the propriety 
of having the series published before the general interest had 
begun to subside. His reply was, ^ I cannot afford it. I have 
given so many of my best facts and broadest ideas, — so much, 
indeed, of what would be required to lighten the drier details 
in my * Greology of Scotland,' — that it would never do to pub- 
lish these Lectures by themselves." It will thus be seen that 
they veritably gather into one luminous centre the best por- 
tions of his contemplated work, garnering very much of what 
was most vivid in painting and original in conception, — of 
that which has now, alas! glided, with himself, into those 
silent shades where dwell the souls of the departed, with the 
halo of past thought hovering dimly round them, waiting for 
that new impulse from the Divine Spirit which is to quicken 
them into an intenser and higher unity. 

I have been led to indulge the hope that this work will be 
found useful in giving to eUmentctry Greology a greater attrac- 
tiveness in the eyes of the student than it has hitherto pos- 
sessed. It was characteristic of the mind of its author, that he 
valued words, and even facts, as only subservient to the high 
powers of reason and imagination. It is to be regretted that 
many introductory works, especially those for the use of 
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ftchooU, should be so crammed with scientific termsy and facts 
hanl pocked, and not always well chosen, that thej are fitted 
to remind us of the dragon's teeth sown bj Jason, which sprung 
up into armed men, — being much more likely to repel, than 
to allure into the temple of science. One might, indeed, as 
well attempt to gain an acquaintance with En^ish literature 
solely from the study of Johnson's Dictionary, as to acquire an 
in>ight into the nature of Geology from puzzling over such 
books. But, viewed in the light of a mind which had ap- 
proached the subject by quite another pathway, all unconscious, 
in its outset, of the gatherings and recordings of others, and 
whicli never made a single step of progression in which it was 
not guided by the light of its own genius and the inspiration 
of nature, it may be regarded by beginners in another aspect, 
— one very different from that in which Wordsworth looked 
upon it when he thanked Heaven that the covert nooks of 
nature reported not of the geologist's hands, — " the man who 
classed his splinter by some barbarous name, and hurried on.** 
^t that time the poet must have seen but the cold, hard profile 
of the man, instead of the broad, beaming, full-orbed glance 
which he may have cast over the wondrous seons of the past 
eternity. 

To meet any difiiculties arising from misconception, it may 
be proper to glance rapidly at what has been accomplished in 
geological research within the last two years. The reader will 
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thus avoid the painful impression that there are any suppressed 
facts of recent date which clash with the theories of the suc- 
ceeding Lectures, destroying their value and impairing their 
unity. And it may be well to remind him that there are two 
schools of Geology, quite at one in their willingness to bring 
all theories to the test of actual discovery, but widely diffenng 
in their leanings as to the mode in which, a prion, they would 
wish the &cts brought to light to be viewed. The one, as 
expounded in the following Lectures, delights in the unfolding 
of a great plan, having its original in the Divine Mind, which 
has gradually fitted the earth to be the habitation of intelligent 
beings, and has introduced upon the stage of time organism 
after organism, rising in dignity, until all have found their 
completion in the human nature, which, in its turn, is a 
prophecy of the spiritual and Divine. This may be said to 
be the true development hypothesis, in opposition to the false 
and puerile one, which has been discarded by all geologists 
worthy of the name, of whatsoever side. The other school 
holds the opinion — though, perhaps, not very decidedly — 
that all things have been from the beginning as they are now ; 
and that if evidence at the present moment leans to the side of 
a gradual progress and a serial development, it is because so 
much remains undiscovered ; the hiattis, wherever it occurs, 
being always in our own knowledge, and not in the actual state 
of things. The next score of years will probably bring the 
matter to a pretty fair decision ; for it seems impossible that. 
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if 80 many able workers continue to be employed as indostri- 
ounly as now in the same field, the remains of man and the 
higher mammals will not be found to be of all periods, if at all 
periods they existed. In the meantime, it is well to know the 
actual point to which discovery has conducted us ; and this I 
have token every pains most carefuUy to ascertain. 

The Uj)per Ludlow rocks — the uppermost of the SUurians 
•» continue to be the lowest point at which fish are found. 
Up to that period, — during the vast ages of the Cambrian, 
whoro only the faintest traces of animal life have been de- 
teotc»(P in the shape of annelides or sand-boring worms, — 
thnMighout the whole range of the Silurians, where shell-fish 
and cTUMtttcomw, with inferior forms of life abounded, — no 
tmcoH of lli^h, the lowest vertebrate existences until the 
latiiHt furuuHl beds of the Upper Silurian, have yet appeared. 
Thtiro are now six genera of fish ranked as Upper Silurian, — 
Auchenaspis, Cephalaspis, Pteraspis, Plectrodus, Onchus Mur- 
chisoni, and Splmgodus. The two latter — Onchus Murchisoni 
and Sphagodus — are represented byl)ony defences, such as 
are possessed by placoid fishes of the present day. Sir Rod- 
erick Murchison at one time entertained the idea of placing 
the Ludlow bone-bed at the base of the Old Red Sandstone ; 
but its fish having been found decidedly associated with Silu- 
rian organisms, this idea has been abandoned. 

1 Soe the lately pnblished edldon of Sir Boderick Marchison's " SUuria," 
chap. 11. p. 26. 
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The next point to which puhlic attention has been speciallj 
directed, is the discoyerj of mammals lower than thej had 
formerly appeared. Considerable misconception has arisen on 
this head. The Middle Purbeck beds, recently explored by 
Mr. Becklesy in which various small mammals were found, 
occur considerably fiirther up than the Stonesfield slates, in 
which the first quadruped was detected so &r back as 1818. 
But this discovery involves no theoretical change, inasmuch as 
all the mammalian remains of the Middle Purbecks consist of 
small marsupials and insectivora, varying in size from a rat to 
a hedgehog, with one or two doubtful species, not yet proved 
to be otherwise. The living analogue of one very interesting 
genus is the kangaroo rat, which inhabits the prairies and 
Bcrub-jungles of Australia, feeding on plants and scratched-up 
roots. Between the English Stonesfield or Great Oolite, in 
which, many years ago, four species of these small mammals 
were known to exist, and the Middle Purbeck, quarried by 
Mr. Beckles, in which fourteen species are now found, there 
intervene the Oxford Clay, Coral Rag, Kimmeridge Clay, 
Portland Oolite, and Lower Purbeck Oolite ; and then, afler 
the Middle Purbeck, there occurs a great hiatus throughout 
the Weald, Green Sand, Gault, and Chalk, wherein no quad- 
rupedal remains have been found; until at length we are 
introduced, in the Tertiary, to the dawn of the grand mamma- 
lian period; so that nothing has occurred in this department 
to occasion any revolution in the ideas of those who^ with my 

2» 
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hnslMuid, consider a snooeasioii and deTek>i»ient of type to be 
tlie one great fixed law of geological science. The reader win 
see that in the end of Lecture Tlurd such remains as have 
been found lower than the Tertiarj are expressly recognized 
and excepted. ^SaTe," sajs the anthoTy ''in the dwarf and 
inferior fbnns of die marsupials and insec ti Tor a , not any of the 
honest nuimmah have yet appeared.** 

But while attaching no importance to the diaooTeries in the 
Middle PurbedL, except in regard of more ample numerical 
deTelopment, it is necessaiy to admit die evid^ice of marsu- 
pials having been found lower than the Stonesfield or Great 
Oolite; ewn so far back as the Upper Trias, the Eenper 
SamlsKme of Germanv. which lies at the base of the Lias. I 
lAU«t bi> (X'rmitted* on thb point, to quote the authority of Sir 
RiHltMriok Murehi$on, as one of the safest and most cautious 
exiH^\eut« of geological fact **In that deposit,'* says he, 
w»ft*rrlng to tho Keuper Sandstone of Wurtemberg, "the 
pMi>A of a solitary small marsupial mammal have been ex- 
humetl, which its discoverer, Plieninger, has named Jdicrolestes 
Ai^ttquui^ Again, Dr. Ebenezer Emmons, the well-known 
geoioglAt, of Albany, in the United States, has described, from 
tlia lower bods of the Chatham Secondary Coal-field, North 
Carolina (of the same age as those of Virginia, and probably 
of the Wurtemberg Keuper), the jaws of another minute mam- 
IBfUi which he calls J}romother%um S^^vesire. Lastly, while I 
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fffriiey Mr. C. Moore has detected in an agglomerate which 
fills the fissures of the carhoniferous limestone near Frome, 
Somersetshire, the teeth of marsupial mammals, one of which 
he considers to be closely related to the MicroUstet Antiquus 
of Germany, and Professor Owen confirms the fact From 
that coincidence, and also from the association with other ani- 
mal remains, — the Placodas (a reptile of the Muschelkalk), 
and certain mollusca, — Mr Moore believes that these patches 
represent the Kenper of Grermanj. If this view should be 
sustained, this author, who has alreailj made remarkable 
additions to our acquaintance with the organic remains of the 
Oolitic rocks and the Lias, will have had the merit of having 
discovered the first traces of mammalia in any British stratum 
below the Stonesfield slates.** ....'' Let me entreat,** 
sajs Sir Roderick, in a passage occurring shortly afler that we 
have quoted, ^ Let me entreat the reader not to be led bj the 
reasoning of the ablest physiologist, or by an appeal to minute 
structural affinities, to impugn the dear and exact facts of a 
succession from lower to higher grades of life in each fi)rma- 
tion. Let no one imagine that because the bony characters in 
the jaw and teeth of the Plagiaulax of the Purbeck strata are 
such as the comparative anatomist might have expected to find 
among existing marsupials, and that the animal is, therefore, 
&r removed from the embryonic archetype, such an argument 
disturbs the order of succession of ckuses, as seen in the crust 
of the earth.*' So far from disturbing the order of succession, 



20 IXrTRODUCTORT RR8U1C£: 



•a • 



It iRy we oonceive, of exceeding' interest to find the MesoscHC 
period marked in its commencement, as it most probablj will 
be found to be, by the introduction of a form of being so 
entirely different from any that preceded it It seems to us to 
bring the true development hypothesis into a clearer and more 
harmonious unity. The great period during which the little 
annelide or sand4)oring worm was the sole tenant of this wide 
earth, — its fint inhabitant after the primeval void, — has 
passed. The naa of the Mdlusc and the Crustacean follows. 
At its dose appear the first fishes, very scanty in point of 
numbers and of species, but multiplying into many genera, 
and swarming in countless myriads, as the Devonian ages wear 
on. Again, towards the termination of the latter, appear the 
first reptiles, which, during the Carboniferous and Permian 
eras, reign as the master-existences of creation. But Palseozic 
or ancient life passes away, and the Mesozoic or Middle period 
is marked not only by countless forms, all specifically, and 
many of them generically, new, but by another wholly un- 
known, either as genus or species, during all the past The 
little marsupials and insectivora appear ^perfect after their 
kind," and yet only the harbingers of the great mammalian 
period which is yet to come. In the volume of Creation, as 
in that of Providence, God's designs are wrapt in profound 
mystery until their completion. And yet in each it would 
appear that He sends a prophetic messenger to prepare the 



PROGRESS OF 6B0L0GICAL SCISNCB. 21 

way, in which the clear-eighted eye, intent to read His pur- 
poseSy may discern some sign of the approaching future. 

Before we proceed, we must here, on behalf of the un- 
learned, and therefore the more easily misled, most humbly 
venture to reclaim against the use, on the part of men of the 
very highest standing, of the loose and dubious phraseology in 
which they sometimes indulge, and which serves greatly to 
perplex, if not to lead to very erroneous conclusions. 

^In respect to no one class of animals," says Professor 
Owen, in his last Address to the British Association, '^has 
the manifestation of creative force been limited to one epoch 
of time." This, translated into fact, can only mean that the 
vertebrate type had its representative in the fish of the earliest 
or Silurian epoch, and has continued to exist throughout all 
the epochs which succeeded it But the difficulty lies in the 
translation ; for, at first sight, the conclusion is inevitable, to 
the general reader, that not only the lowest class of vertebrate 
existence, but also man and the higher mammals, had been 
found from the beginning, and that the highest and the lowest 
forms of being were at all periods contemporary. No one, 
surely, would have a right to make such a prodigious stride in 
the line of inference, on the presumption of supposed evidence 
yet to come. Again, Sir Charles Lyell, in his supplement to 
the fifth edition of his " Elementary Geology," says, in speak- 
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The next point which demands attention in onr short retumS 
is that great break between the Permian and Triassic systems, 
across which, as stated in the following pages, not a single 
species has found its way. Much attention has been given to 
the great HaUstad or St. Cassian beds, which lie on the north- 
em and southern declivities of the Austrian Alps. These beds 
belong to the Upper Trias, and they contain more genera com- 
mon to Pakeozoic and newer rocks than were formerly known. 
There are ten genera peculiarly Triassic, ten common to older, 
and ten to newer strata. Among these, the most remarkable 
is the Orthoceras, which was before held to be altogether 
Palflsozoic, but is here found associated with the Ammonites 
and Belemnites of the secondary period.^ The appearance of 
this, with a few other familiar forms, serves, in our imagina- 
tion at least, to lessen the dbtance, and, in some small measure, 
to bridge over the chasm, between Palseozoic and Secondary 
life. And yet, considering the vast change which then passed 
over our planet, — that all specific forms died out, while new 
ones came to occupy their room, — the discovery of a few more 
connecting generic links in the rudimentary shell-alphabet, 
which serve but to show that in all changes the God of the 
past is likewise the God of the present, no more affects in 
reality this one great revolution, the completeness of which is 
marked by the very difficulty of finding, amid so much new 

1 See Sir Charles Lyell's " Sapplement " for corroboration of the forego* 
ing statements. 
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and redundant lifey a single identical specific variety, than the 
well-known existence of the Terebratnla in the earliest^ as well 
as in the existing seas, can efface the great ground-plan of 
successive geological eras.^ Nor does it exf^ain the matter to 
say that geographical dianges took place, bringing with them 
the deniiens of diflfereni dimates» and adapted for different 
modes of lif(. The same Almighty Power which now pro- 
tides habitats and conditions suitable for the wants of his 
ereaturoSf would, doubtless, have done so during all the past 
Geographical changes are at all times indissolubly connected 
with changes in the conditions of being ; and they serve, in so 
fkr, to explain the rviU in the stated order of geological events, 
wh(»n a due proportion of extinct and of novel forms are found 
cotixlHtcnt, But how can they explain the exception? A 
singular effect must have a singular cause. And when we 
find that Uicro were changes relating to the world's inhabitants 
altogiHhor singular and abnormal in their revolutionary char- 
acter, wo must infer that the medial causes of which the Crea- 
tor mode use were of a singular and abnormal character also. 
Ou tills head the best-informed ought to speak with extreme 
diffldunco. We can but imagine that there may have been a 
loiigi imtneasurable period, during which a subsidence, so to 
apeak, took place in the creative energy, and during which all 
$|)eclflc forms, one after another, died out, — the lull of a dying 

1 Boe SVre&rttfuZd, page 111. The extinct Terebratnla is now called 
Wijnioonella. 
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creation, — and then a renewal of the impulsive force from 
that Divine Spirit which brooded over the face of the earliest 
chaotic deep, producing geographical changes, more or less 
rapid, which should prepare the way for the next stage in our 
planetary exbtence, — its new fiumework, and its fresh burden 
of vital beings. 

The other great break in the continuity of fossils, which 
occurs between the Chalk and the Tertiary, seems to be very 
much in the same condition with that of which we have just 
spoken. New connecting genera have been discovered, but 
still not a single identical species. Jukes, in his ^ Manual,'' 
publi2»hed at the end of last year, says : ^ Near Maestricht, in 
Holland, the chalk, with flint, is covered by a kind of chalky 
rock, with gray flints, over which are loose, yellowish lime- 
stones, sometimes almost made up of fossils.*^ Similar beds 
also occur at Saxoe in Denmark. Together with true creta- 
ceous fossils, such as pecten and quadricostatus, these beds 
contain species of the genera Yoluta, Fasciolaria, Cyprea^ 
Oliva, etc, etc, several of which genera are also found else- 
where in the Tertiary rocks.^ 

Sir Boderick Murchison's late explorations in the Highlands 
— although, of course, local in their character — have made a 
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esis, he (Sir Roderick) had urged Mr. Peach to avail himself 
of his first leisure moments to reexamine the fossil-beds of 
Durness and AssN-nt, and the result was the discovery of so 
many forms of undoubted Lower Silurian characters (deter- 
mined by Mr. Salter), that the question has been completely 
set at rest — there being now no less than nineteen or twenty 
species of M'Lurea, Murchisonia, Cephalita, and Orthoceras, 
with an Orthis, etc., of which ten or eleven occur in the 
Lower Silurian rocks of North America." 

This change would demand an entirely new map of the 
Geology of Scotland ; for there is clearly ascertained to be an 
ascending series from west to east, beginning with an older or 
primitive gneiss, on which a Cambrian conglomerate, and over 
that again a baud containing the Silurian fossils, rest ; while a 
younger gneiss occupies a portion of the central nucleus, hav- 
ing the Old Red Sandstone series on the eastern side. A 
change has likewise been made in the internal arrangements 
of the Old Red, of which the next edition of my husband's 
work on the subject will be the proper place to speak in detaiL 
In the meantime, I may just mention, that the Caithness and 
Cromarty beds have been found to occupy, not the lowest, but 
the central place, — the lowest being assigned to the Forfar- 
shire beds, containing Cephalaspis, associated with Pteraspis, 
an organism characteristically Silurian. That which bears 
most upon the subject before us, is the now perfectly ascer» 
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tained imprint of the footsteps of large reptiles in the Elgin or 
uppermost formation of the Old Red. A shade of doubt had 
rested upon the discovery made many years ago by Mr. Pat- 
rick Duff, of the Telerpetan Elginense^ not as to the real nature 
of the fossil, which is indisputably a small lizard, but as to 
whether the stratum in which it was found belonged to the 
Old Red, or to the formation immediately above it. It will be 
observed, however, that the existence of reptiles in the Old 
Red did not rest altogether upon this, because the footprints 
of large animals of the same class had been ascertained in the 
United States of America. I cannot but conceive, therefore, 
that Mr. Duff, in a recent letter or paper read in Elgin, and ' 
published in the Elgin and MoraysJdre Courier^ makes too 
much of the recent discoveries in his neighborhood, when he 
asserts that the Old Rod Sandstone had been hitherto consid- 
ered exclusively a fish formation, and that the appearance of 
reptiles is altogether novel. " Now," says he, ** that the Old 
Red Sandstones of Moray have acquired some celebrity, it 
may not be unprofitable to trace the different stages by which 
the discovery was arrived at of reptilian remains in that very 
ancient system, which tiU now was held to have been peopled by 
no higher order of beings than fishes" Mr. Duff forgets that 
in the programme, as it may be called, given by my husband, 
of the introduction of different types of animal life, as ascer- 
tained in his day, reptiles are made to occupy precisely the 
position they do now. To refresh the memory of the reader. 
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I shall here reproduce it, as given in the "Teadinon/of the 
Bocks." At page 45 is thif diagram : 



FUm. 



And on the following page occurs this comment: "In the 
manj-folded pages of the Old Red Sandstone, liS we reach the 
highett and latt, there occur the remains of no other Tcrte- 
bnites than those of this fourth class [fishes] ; but in its upper- 
most deposits there appear traces of the third or reptilian class ; 
and in passing upwards still, through the Carbonifenma, Pei> 
mian, and Triassic sj'stenis, we find reptiles continuing the 
master-existences of the time." And at page 104, express 
allusion is made to the TeUrpeton Elginente, with the doubt 
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as to the nature of its locale very slightlj touched upoo.^ All 
this Mr. Duff has forgotten, apparently ; and it appears like- 
wise not to have come within his cognizance that Sir Charles 
Ljell distinctly recognizes his Telerpeton, as well as the 
American foot-prints, and assigns both their proper places, in' 
the last edition of his ^ Principles." Even in the edition before 
the laU of the <' Siluria," almost the first thing that meets us, on 
opening it at Chapter Tenth, which treats of the Old Bed 
Sandstone, is a print of the fossil skeleton of this same Tder^ 
peton Mginenee — its true place assigned to it with quite as 
much certainty as now I These very singular lapses in mem« 
ory seem not to be peculiar to Mr. Duff. I have seen it 
stated, in an anonymous article published in a widely-circu- 
lated journal,' and in connection with the discovery of the 
Elgin reptile foot-prints, that Hugh Miller considered the Old 
Bed Sandstone to-have been a shoreless ocean without a tree !* 
— utterly ignoring the fact that he was himself the discoverer 
of the first Old Red fossil-wood of a coniferous character, and 

1 This doubt, I Roo by Sir Roderick Mnrchison's latest Address to the 
British Association, is not yet entirely obviated. See page 422. 

> For this article, as an excellent specimen of its class, see pa<!e 409, 
nnder the head " Recent Geological Discoveries;" and, in contradistinction 
to it, the extract from Sir R. Mnrchison's Address ou;i;ht to be carefully 
studied. I myself had seen neither that extract, nor the recent " Silurin," 
until after this short sketch was in type,— the references to the latter bar- 
ing been introduced afterwards,— and it may be conceived with what feel- 
ings of gratification I have perused Sir Roderick's repeated assuiimces of 
adherence to the *' Old Light." 

• Sje Contra, p. 246. 



PROGRESS OF GEOLOGICAL SCIENCE. 31 

that he thence expressly infers the then existence of vegetation 
of a high order. Is it not enough to add to the store of 
knowledge without attempting to undermine all that has gone 
before ? Must the discovery of an additional reptile, a few 
additional marsupials, be the signal for the immediate outcry, 
^All is changed; the former things have passed away; all 
things have become new ? " My husband was solicitous even 
to the point of nervous anxiety to exclude from his writings 
every particle of error, whether of facts, or of the conclusions 

to be drawn from them. Much rather would he never have 
written at all than feel himself in any degree a false teacher. 
^ Truth first, come what may afterwards," was his invariable 
motta In the same spirit, Grod enabling me, I have been 
desirous to carry on the publication of his posthumous writ- 
ings. Grod forbid that one entrusted with such sacred guar- 
dianship should seek to pervert or suppress a single truth, 
actual or presumptive, even tliough its evidence were to over- 
throw, in a single hour, all his much-loved speculations — all 
his reasonings, so long cogitated, so conscientiously wrought 
ought. Tet I must confess that I was at first startled and 
alarmed by rumors of changes and discoveries, which, I was 
told, were to overturn at once the science of Geology as hith- 
erto received, and all the evidences which had been drawn 
from it in favor of revealed religion. Though well persuaded 
that at ah times, and by the most unexpected methods, the Most 
High is able to assert Himself, the proneness of man to make 
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^^^ %^ <^Vfrjr unoccupied position in order to maintain his 
<iHK^|H^iH)onco of his Maker, seemed about to gain new vigor 
l\r «\t|\nring a fresh vantage-ground. The old cry of the 
i^lrriuty of matter, and the '^ all things remain as thej were 
tV\Hu tho bt^ginning until now,** rung in my ears. God with 
m% ill tho ^'orld of science henceforth to be no more ! The 
wry ovidonoes of Ilis beings seemed about to be removed into 
H niort) diHtunt and dimmer region, and a drearj swamp of 
inlUlolity Hpnsid onwards and backwards throughout the past 
t»trniity. 

Without stopping to inquire whether — although the science 
of (iiH)logy had been revolutionized — those fears were not 
ttltojjtMlior exaggt»rated, it is enough at present to know, that, 
MM C^tH)logy has not been revolutionized, there is no need to 
Ohtortain the question. I trust I have at least succeeded in 
Ainunhing the reader with such references — few and simple 
whou we once know where to find them — as may enable him 
It) d«»cide uj>on this important matter for himself If I have 
h^inK^l anything in the course of the investigations which I 
have l>een endeavoring to make, it is to tajce nothing upon 
iMKHlence, but to wait patiently for all the evidence wliich can 
ba brought to bear upon the subject before me ; and this, I 
Mievo, is the only way to make any approximation to a cor- 
fw<>t opinion. In truth, the science of Geology b itself in that 
voudition, that no fact ought to be accepted as a basis for . 
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reasoning of a solid kind^ until it has run the round of investi- 
gation by the most competent authorities, and has stood the 
test of time. It is peculiarly subject to the cry of Lo, here I 
and lo, there ! from false and imperfectly informed teachers ; 
and I believe the men most thoroughly to be relied on are 
those who are the slowest to theorize, the » last to form a 
judgment, and who require the largest amount of evidence 
before that judgment is finally pronounced. 

In addition to the inspection of my ever kind and generous 
friend Mr. Symonds,^ I have submitted the following pages to 
the reading of Mr. Greikie,' of the Greological Survey, who has 
here and there furnished a note. Of the amount and correct- 
ness of his knowledge, acquired chiefly in the field and in the 
course of his professional duties, my husband had formed the 
highest opinion. Indeed, I' believe he looked upon him as the 
individual who would most probably be his successor as an 
exponent of Scottish Greology. One who walks, on an aver- 
age, twenty miles per day, and who has submitted nearly 
every rood of the soil to the accurate inspection demanded by 
the Survey, must be one whose opinion, in all that pertains to 
Scottish Greology in especial, must be well worth the having. 
I have to add an expression of most grateful thanks to Sir 

iThe Rev. W. S. Symonds, anthor of "Old Stones," "Stones of the 
Valley/-* etc., and the compiler of the index to the recent edition of Sir R. 
Murchison's " Siluria." 

« Archibidd Geikie, Esq., author of "The Story of a Boulder." 
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RiKlmck Murehison, for his prompt attentioii to randiy applk 
otitioiKH which I was ooDstrained to make to him. His letters 
havt' lMH»n of the utmost importance in enabling me to perceive 
clearly the altcrntions which have taken pkce in our Scottish 
(i<*oIo};^v, ami the reasons for them. One feels instantaneouslj 
tho iM'ucfit of eontact with a master-mind. A few sentences^ 
a fow Ktn>k<w of the pen, throw more light on the subject than 
voUimeH from an inferior hand. 

It rt'umiuH now onlj to explain, that this coarse of Leo- 
turi'N ^ di'Hvered before the Philosophical Institution, con- 
HiHttHl of v\^\\U iuHtoad of six. Those now published are com- 
|iU'(4\ aiH^ordiuj; to thoir limits in all that relates to the &cts, 
literal or piotun'squo, of the subjiH't : and the last two of the 
Hvrit'4 will 1h» touiul in ^ The Testimony of the Rocks,** under 
the heads of ** GiH)log}- in its Bearing on the Two Theologies,** 
uiul ** Tho Mosaic Vision of Creation." If it had been within 
tho contemplation of the autlior to publish the six Lectures as 
they now stand, these last two would have formed their natural 
climax or |K'ronition. And, accordingly, I entertained some 
thonght of n^publishing them here, in order that the reader 
might enjoy the advantage of having the whole under his eye 
at once. But, as they are not in any way necessary to the 
completion of the sense, and perhaps Greology, viewed simply 
by itself, and in the light of a popular study, is as well freed 
from extraneous matter, it was thought best, on the whole, to 



PROGRESS OF GEOLOGICAL SCIENCE. 85 

refer the reader who wishes to see the eight discourses in their 
origiiial connection, to ^ The Testimony of the Bocks." 

I have, instead, added an Appendix of rather a novel char* 
acter. In addition to the *^ Cruise of the Betsey," and " Ten 
Thousand Miles over the Fossiliferous Deposits of Scotland,'* 
there was lefi a volume of papers unpublished as a whole, 
entitled ** A Tour through the Northern Counties of Scotland." 
They had, however, been largely drawn upon in varices other 
works ; but, scattered throughout were passages of mbre or less 
value, which I had not met with elsewhere ; and some such, 
of the descriptive kind, I have culled and arranged at the end 
of the Lectures : first, because I was loth that any original 
observation from that mind which should never think again for 
the instruction of others, should be lost, and also because many 
of those passages were of a kind which might prove suggestive 
to the student, and assist him in reasoning upon those phenom- 
ena of ordinary occurrence, without close observation of which 
no one can ever arrive at a successful interpretation of nature. 
If the reader should descry aught of repetition which has 
escaped my notice, I must crave his indulgence, in considera- 
tion of the very difficult and arduous task which God, in His 
mysterious providence, has allotted me. To endeavor to do by 
these writings as my husband himself would if he were yet 
with us — to preserve the integrity of the text, and, in dealing 
with what is new; to bring to bear upon it the same unswerv- 
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ing TecUtude of purpose in Taluii^ and accepting erery iota of 
truth, whether it can be explained or not, rejecting all that is 
crude, and abhorring all that is fidae, — thb has been mj aim, 
although, alas! too conscious thitNigfaout of the comparative 
feebleness of the powers brought to bear upon it If, however, 
tlie reader is led to inquire lor himself I trust he will find that 
the.^ powers rach as they are, have been used in no light or 
frivolous spirit, but with a deep, and somewhat of an adequate, 
sense of the vast importance of the aulyect 

L. M. 
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LECTURE FIRST. 

JnneHon of Geologic and Hamui Hlstoiy— Scottish Hittoiy of Hodern Date 
'- The Two Periods prerioits to the Roman InrssiOD ; the Stone Age and 
the Bronze Age — Geological Deposits of these Tre-historic Periods— The 
Aboriginal Woods of Scotland — Scotch Mosses consequences of the Roman 
Inrasion — How formed — Deposits, Natural and Artificial, found under them 
— The Sand Dunes of Scotland — Human Remains and Worics of Art found 
in them— An Old Church Disinterred in 1835 on the Coast of Cornwall— 
Controveny regarding it — Ancient Scotch Barony underlying the Sand — The 
Old and New Coast Lines in Scotland — Where chiefly to be obeenred— Geol- 
ogy the Science of Landscape — Scenery of the Old and New Coast Lines— 
Date of the Change of Level from the Old to the New Coast Line uncertain — 
Beyond the Historic^ but within the Human Period— Evidences of the fact in 
remains of Primitive Weapons and Ancient Boats— Changes of Level not rare 
events to the Geologist— Some of these enumerated -The Boulder-Clay — Its 
prevalence in tlie Lowlands of Scotland — Indicated in the Scenery of the 
Country —The Scratchings on the Boulders accounted for— Produced by the 
grating of Icebergs when Scotland was submerged —Direction in which Ice- 
bergs floated, iVom West to East — *' Crag and Tail " the Eifect of it — Probable 
Caose of the Westeriy Direction of the Current. 

In most of the countries of Western Europe, Scotland 

among the rest, geological history may be regarded as 

ending where human history begins. The most ancient 

portions of the one piece on to the most modem portions 

of the other. But their line of junction is, if I may so 

express myself not an abrupt, but a shaded line ; so that, 

on the one hand, the human period passes so entirely into 

the geological, that we found our conclusions respecting 

4 
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the first human inhabitants rather on what they deemed 
geologic than on the ordinary historic data; and^ on the 
other hand, some of the latter and lesser geologic changes 
have taken place in periods comparatively so recent that, 
in even our own country, we are able to catch a glimpee 
of them in the first dawn of history proper, — that written 
history in which man records the deeds of his fellows. 

In Scotland the ordinary historic materials are of no 
very ancient date. Tytler's History opens with the acces- 
sion of Alexander III., in the middle of the thirteenth 
century ; the Annals of Lord Hailes commence nearly two 
conturios earlier, with the accession of Malcolm Canmore; 
there still exist among the muniments of Durham Cathe- 
dral charters of the ^gracious Duncan," written about 
the year 1035 ; and it is held by Runic scholars that the 
An(;;lo-8axon inscription on the Ruthwell Cross may be 
alK>ut two centuries earlier still. But from beyond this 
comparatively mo<lem period in Scotland no written docu- 
ment liUH descended, or no native inscription decipherable 
by the antiquary. A few votive tablets and altars, let- 
teivtl by the legionaries of Agricola or Lollius Urbicus, 
when engaged in laying down their long lines of wall, or 
riMu-ing their watch-towers, represent a still remoter period ; 
and a few graphic passages in the classic pages of Tacitus 
throw a partial and fitful light on the forms and characters 
of the warlike people against which the ramparts were 
cast up, and for a time defended. But beyond this epoch, 
to at least the historian of the merely literary type, or 
to the antiquary^ of the purely documentary one, all is 
darkness. **At one stride conies the dark." Tlie period 
is at once reached which we find so happily described by 
Coleridge. " Antecedently to all history," says the poet, 
^and long glimmering through it as a hazy tradition, there 
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presents itself to our imafrination an indefinite period, 
dateless'as eternity, — a state rather than a time. For 
even the sense of succession is lost in the uniformity of 
the stream." 

It is, however, more than probable that the age of Agric- 
ola holds but a midway place between the present time 
and the time in which Scotland first became a scene of 
human habitation. Two great periods had passed ere the 
period of the Roman invasion, — that earliest period now 
known to the antiquary as the ^ stone age^^ in which the 
metals were unknown, and to which the fiint arrow-head 
and the greenstone battle-axe belong; and that after 
period known to the antiquary as the ^bronze age^ in 
which weapons of war and the chase were formed of a 
mixture of copper and tin. Bronze had, in the era of 
Agricola, been supplanted among the old Caledonians by 
iron, as stone had at an earlier era been supplanted by 
bronze; and his legionaries were met in fight by men 
armed, much after the manner of their descendants at 
Sherififmuir and Culloden, with broadsword and target. 
And it is known that nearly a century and a half earlier, 
when Cassar first crossed the Channel, the Britons used a 
money made of iron. The two earlier periods of bronze 
and stone had come to a close in the island ere the 
commencement of the Christian era; and our evidence 
regarding them is, as I have said, properly of a geologic 
character. We read their history in what may be termed 
ihe fossils of the antiquary. Man is peculiarly a tool-and- 
weapon-making animal ; and his tools and weapons repre- 
sent always the stage of civilization at which he has 
arrived. First, stone is the material out of which he 
fashions his implements. If we except that family of man 
which preserved the aboriginal civilization, there seems 
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zi^iT :.-■ -i"«*e b^^n a tribe r.r nation that had not at one 
: T-r: ri-.v-rw :o tLis moet obvL-ua of substances for their 
■ *. ".? ±r. : wc^K^r.s^ TLen corut- s an a^e in which stone is 
* : -. ..L:::«.-i by :he me:xj* that occur in a native state, — 
♦. ^. ::: a stacc of diictility in the nx-k, — such as copper, 
>:lvtr. ar.i ^clvi. Oi theso, copji^rr is by much the most 
.-.? .::: :.Lr.: : asd in all countries in which it has been em- 
: "ov ^>i for :.x\s and weai-onsw means have been found bv the 
r".:v.;::x-. workers to hanien it through an admixture of 
ofr.^r r.'.tials. such :ws ziiic and tin. List of all, the com- 
!\iri::^-/.v o^vult art of smeliinu iron is discovered, and 
t!.K r*,::t:.cr art of converting it in:o steel; and such is 
i:s suivnoriiy in this form to every other metal employed 
ill I ho fabrication of iniplemonis. that it supplants every 
o;hcr; and the batiu-axe and chisi-l of hanicnod copper 
^brv^tirc"^ an* as certainly suj'crscdeil by it as the chisel and 
I ho K»liK^a\o of stone liad at an earlier jH?riod been suj>er- 
f^ntcd by the bron/.e.^ Xow, it is tnily wonderful how 
lhor\nigh!y, for all general purposes this scheme of classi- 
tication, which wc owe to the Danish antiquary Thonisen, 
»rrangi*s into corresponding sections and groups the an- 

\ III iiti inu'ix'siini: artulo on Ireland whiih lately appeared in the 
*' S«x»i''U\aii " i)o\\'^iM|vr. I fuul it >::i:i\l that for a wry cons iilorablo dis- 
l*niv. " Ivtwivu 1 oiuli Koa and Umi^Ii IVn:. the river Shannon was ford- 
nMo lU onl\ Olio iH^iit. whioh of* nnir^e lonnLil the only medium of com- 
iniint«'<it)^*it U»iwivu the native* oi" the two banks. They seem, however," 
W )« .iiUlisI, " lo ha\o niot o(lener for war than pi-aee; and from this ford 
M mIiiOi' -.oiii"* of rtncionl warhke weajnuis wa> diiir out. These weapons 
ittv !!•»« |Mv-.*M\i'.l in tlio line ivIUvtiou of aniiquitle* in the Museum of 
III,* i;i«\ul In^h Vi-ademv in UnMln. and art* partly bronze and partly 
.tiMi«> I hi'ii imMiion in I lie rivor NM loKl a rurious tale, Iwlh hi-siorieally 
rtud >vi«Un*ii.dl\ The woajmn* of l»n>n.^e wen* all found in the upper 
.ii.iiinit -oul Ih'Iow Ihrni iIiom' ol' stone: >howin!r, as antiquaries well 
^11.. It ih.ti i»n »ne oi bion/o followed not an age of gold, but an ugc of 

• llMllt " 
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tiqnities of a country, and gives to it a legible history in 
ages unrecorded by the chronicler. With the stone tools 
or weapons there are found associated in our own country, 
for instance, a certain style of sepulture, a certain type of 
cranium, a certain form of human dwellings, a certain class 
of personal ornaments, certain rude log-hollowed canoes, 
undressed standing stones, and curiously-poised cromlechs. 
The bronze tool or weapon has also its associated class of 
antiquities, — massiye ornaments of gold, boats built of 
plank, and, as a modem shipwright would express himself 
copper-fastened, cinerary urns, — for it would seem that^ 
while in an earlier, as in a later age, our country-folk 
buried their dead, in this middle period they committed 
their bodies to the flames ; and, withal, evidences, in the 
occasional productions of other countries, that commerce 
had begun to break up the death-like stagnation which 
characterized the earlier period, and to send through the 
nations its circulating tides, feeble of pulse and slow, but 
instinct, notwithstanding, with the first life of civilization. 
And thus we reason on the same kind of unwritten data 
regarding the human inhabitants of our country who lived 
during these two early stages, as that on which we reason 
regarding their contemporaries the extirpated animals, or 
their predecessors the extinct ones. The interest which 
attaches to human history thus conducted on what may 
be termed the geologic plan is singularly great. No nation 
during its stone period possesses a literature ; nor did any 
nation, of at least Western Europe, possess a literature 
during its bronze period. Of course, without lettera there 
can be no history ; and even if a detailed history of such 
uncivilized nations did exist, what would be its value? 
"Milton did not scruple to declare," says Hume, "that the 
skirmishes of kites or crows as much merited a particular 

4* 
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narrative as the confused transactions and battles of the 
Saxon Heptarchy.^ But the subject rises at once 4n dig- 
nity and importance when, contemplating an ancient people 
through their remains, simply as men, we trace, step by 
step, the influence and character of their beliefs, their 
progress in the arts, the effects of invasion and conquest 
on both their minds and bodies, and, in short, the broad 
and general in their history, as opposed to the minute and 
the particular. The story of a civilized people I would 
fain study in the pages of their best and most philosophic 
historians; whereas I would prefer acquainting myself 
with that of a savage one archaBologically and in its re- 
mains. And I would appeal, in justification of the prefer- 
ence, to the great superiority in interest and value of the 
recently published " Pre-historic Annals of Scotland," by 
out accomplished townsman, Mr. Daniel Wilson, over all 
the diffuse narrative and tedious description of all the old 
chroniclers that ever wore out life in cloister or cell. 

What may be properly regarded as the geological de- 
posits or formations of the two pre-historic periods in 
Scotland, — the Y>criod of stone and the period of bronze, 
— are morasses, sand dunes, old river estuaries, and that 
marginal strip of flat land which intervenes between the 
ancient and the existing coast lines. The remains of man 
also occur, widely scattered all over the country, in a su- 
perficial layer, composed in some localities of the drifl- 
gravels, and in others of the boulder-clay; but to this 
stratum they do not geologically belong: they lie at a 
grave's depth, and have their place in it through the prev- 
alence of that almost instinctive feeling which led the 
patriarch of old to bury his dead out of his sight. Most 
of the mistakes, however, which would antedate the exist- 
ence of our species upon the earth, and make man con- 
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temporary with the older extinct mammals, have resulted 
from this ancient practice of inhamation, or from accidents 
which have arisen out of it. 

All our Scotch morasses seem to be of comparatively 
modem origin. There are mosses in England, or at least 
buried forests, as on the Norfolk coast, at Cromer and 
Happisbnrgh, that are more ancient than the drifl-clays 
and gravels; whereas, so far as is yet known, there are 
none of our Scotch mosses that do not overlie the drift 
formations ; and not a few of their number seem to have 
been formed within even the historic ages. They are the 
memorials of a period, spread over many centuries, which 
began after Scotland had arisen out of the glacial ocean, 
and presented, under a softening climate, nearly the exist- 
ing area, but bore, in its continuous covering of forest, the 
indubitable signs of a virgin country. It is remarked by 
Humboldt, that all the earlier seats of civilization are bare 
and treeless. "• When, in passing from our thickly foliated 
forests of oak, we cross," he says, ** the Alps or the Pyr« 
enees, and enter Italy or Spain, or when the traveller first 
directs his eye to some of the African coasts of the Medi- 
terranean, he may be easily led to adopt the erroneous 
inference that absence of trees is a characteristic of the 
warmer climates. But he forgets," it is added, "that 
Southern Europe wore a different aspect when it was first 
colonized by Pelasgian or Carthaginian settlers. He for- 
gets, too, that an earlier civilization of the human race 
sets bounds to the increase of forests ; and that nations, in 
their change-loving spirit, gradually destroy the decora- 
tions which rejoice our eye in the north, and which, more 
than the records of history, attest the youthfulness of our 
civilization^ Some of my audience must be old enough 
to remember the last of the great aboriginal woods of 
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Scotland. It was only during the second war of the first 
French Revolation, when the northern ports of Eorope 
were shat against Great Britain, that the native pine* 
woods of Rothiemnrchus and the upper reaches of the 
Spey were cut down; and as late as the year 1820, I 
looked, in the upper recesses t>f Strathcarron, on the last 
scattered remains of one of the most celebrated of the old 
pine-forests of Ross-shire. Posubly some of the frag- 
ments of the pine-forests which skirted the western shores 
of Loch Maree may still exist ; though, when I last passed 
through it, many years ago, the axe was busy among its 
glades. It is known of some of our Scotch mosses, — the 
deposits which testif}" geologically to this primitive state 
of things when the country was forest-covered, — that 
thev date from the times of the Roman invasion, and were 
consequences of it. The mark of the Roman axe — a 
iiam>w« ohiseUlike tool — has been detected, in many in- 
stances on the lower tier of stumps over which the peat 
has aocumulated : and in some cases the sorely rusted axe 
itself has been found sticking in the buried tree. Among 
the taui:K\l dt*bris v>f a prostrateii forest the woodman fre- 
quently mislays his to^^ls, — a mishap to which the old 
KvHUHus sevni to have been as subject as the men of a later 
time ; and s\> the list of Roman utensils, coins, and arms, 
ll^\uud in the ui^^^os of the south and midland parts of 
SvtK^uK is iw ivns^H|ueni'e a long one. "In Pousil Moss, 
iH>ar iUil»J^^>^^** »av* Konuio^ iu his "Essay on Peat Moss,** 
«a Wthoni K\); \vutaining alnnit two hundred silver coins 
%\|' Komo w^ tound ; iu Puudaff Moor a number of simi- 
Imt \smua \io)v f^Mind; in Annan Ma^ near the Roman 
^\H«^*\irt>\ J^ Uoiurtu onuunont of pure gold was found; a 
Hs^Mim o»«M|vAottlo wasi found eight feet deep under a 
flh^ ««tiit<^ of Oohtertyre; in Flanders Moss a 
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similar utensil was found; a Roman jug was found in 
Locher Moss, Dumfriesshire; a pot and decanter of Ro- 
man copper was found in a moss in Eirkmiehael parish, in 
the same county ; and two vessels of Roman hronze in the 
Moss of Glenderhill, in Strathaven." And thus the list 
runs on. It is not difficult to conceive how, in the circum- 
stances, mosses come to be formed. The Roman soldiers 
cut down, in their march, wide avenues in the forests 
through which they passed. The felled wood was left to 
rot on the surface ; small streams were choked up in the 
levels ; pools formed in the hollows ; the soil beneath, shut 
up from the light and the air, became unfitted to produce 
its former vegetation ; but a new order of plants, the thick 
water-mosses, began to spring up ; one generation budded 
and decayed over the ruins of another; and what had 
been an overturned forest became in the course of years a 
deep morass, — an unsightly but permanent monument of 
the formidable invader. 

Some of our other Scotch mosses seem to have owed 
their origin to violent hurricanes; — their under tier of 
trunks, either turned up by the roots or broken across, lie 
all one way. What may be termed their native fossils are 
exceedingly curious. I have seen personal ornaments of 
the stone period, chiefiy beads of large size, made out of 
a pink-colored carbonate of lime, which had been found in 
the bed of gravel on which one of our Galwegian mosses 
rested, and which intimated that the ^ stone period " had 
commenced in the island ere this moss had begun to form. 
We find the same fact borne out by the Black Moss on 
the banks of the Etive, Argyleshire, where, under an accu- 
mulation of eight feet of peat, there occur irregularly oval 
pavements of stone, overlaid oflen by a layer of wood- 
ashes, and surrounded by portions of hazel stakes, — the 
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remains, apparently, of such primitiye huts as those in 
which, according to Gibbon, the ancient Germans resided, 
and which were, we are told, **of a circahir figure, built 
of rough, timber, thatched with straw, and pierced at the 
top, to leave a free passage for the smoke." Similar re- 
mains, but apparently of a still more ancient type, have 
been laid open in Aberdeenshire ; and I find Mr. Wikon 
stating, in his archsBological history, that on seyeral ocear 
sions, rude canoes, which had been hollowed out of single 
logs of wood by the agency of fire, and evidently of tiie 
*^ stone age,** have been found in Lochar Moss, Dumfiies- 
shire, with ornamental tores and brass bowls, not less evi- 
dently of the subsequent ^ bronze period." It is stated by 
Dr. Boates, in his ^ Natural History," that in Ireland, the 
furrows of what had been once ploughed fields have been 
found underlying bogs, — in one instance at least (in Don- 
egal), with the remains of an ancient plough, and the wat- 
tles of a hedge six feet beneath^he sur&ce. In 1833 there 
was discovered in Drumkilen bog, near the north-east 
coast of the county of Donegal, an ancient house formed 
of oak beams. Though only nine feet high, it consisted 
of two stories, each about four feet in height. One side 
of the building was entirely open, and a stone chisel was 
found on the floor, — indicating that this ancient domicile 
belonged to the stone period. Associated, too, with the 
works of man of the earlier periods, we find in our mosses 
equally suggestive remains of the extirpated^ and in some 
cases of the extinct animals, such as gigantic skulls and 
boms of the Boa Primigenius or native ox, and of the Cer* 
vus Megaceroa or Irish elk, with the skeletons of wolves, 
of beavers, of wild horses, and of bears. There exists what 
seems to be sufficient evidence that the two extinct ani- 
mals named the Irish elk and native ox were contemporary 
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with the primitiye hunters of the stone period : the cervi« 
cal yertebne of a native ox have been found deeply scarred 
by a stone javelin, and the rib of an Irish elk perforated 
by a stone arrow-head ; and it is known that some of the 
extirpated animals, such as the wild horse, wol^ and bea- 
ver, continued to live among our forests down till a com- 
paratively recent period.* "We find it stated by Hector 
Boece, in his ** History," that tiiere were beavers living 
among our EBghland glens even in his days, as late as the 
year 1526; but there rests a shadow of doubt on the state- 
ment. It is unquestionable, however, that the Gaelic 
name of the creature, LaslecUhiny or broad-tail, still sur- 
vives; and equally certain that when Baldwin, Arch- 
bishop of Canterbury, journeyed into Wales towards the 
close of the twelfth century, to incite the Welsh to join 
in the Crusades, the beaver was engaged in building its 
coffer domes and log-houses in the river Teivy, Cardigan- 
shire. The wolf and wild horse maintained their place in 
at least the northern part of the island for several centu- 
ries later. When in 1618 Taylor, the water poet, visited 
Scotland, he accompanied the ^good lord of Mar'' on one 
of his great hunting expeditions among the Grampians; 
and we find, from the amusing narrative of his journey, 
that for the space of twelve days he saw neither house nor 
corn-field, but '^deer, wild horses, wolves, and such like 
creatures.'' The wolf did not finally disappear from among 
our mountains until the year 1680, when the last of the 
race was killed in Lochaber by that formidable Ewan 
Cameron of Lochiel with whom Cromwell was content to 
make peace after conquering all the rest of Scotland. 

1 Many interesting haman remains have lately been disinterred frova. 
the Severn drift and gravels near Tewkesbury, such as cinerary urns with 
bones .and ashes, and ntensik for carrying water, associated with anttoia 
of the red deer. — W. S. S. 
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The sand dunes of the country — accumulations of sand 
hea]>ed over the soil by the winds, and in some cases, as in 
the neighborhood of Stromness in Orkney, and near New 
Quay on the coast of Cornwall, consolidated into a kind of 
open-grained sandstone — contain, like the mosses of the 
country, ancient human remains and works of art. There 
have been detected among the older sand dunes of Moray, 
broken or partially finished arrow-heads of flint, with splin- 
tered masses of the material out of which they had been 
fashioned, — the debris, apparently, of the workshops of 
some weapon-maker of the stone period. Among a tract 
of sand dunes on the shores of the Cromarty Frith, imme- 
diately under the Northern Sutor, in a hillock of blown 
sand, which was laid open about eighty years ago by the 
winds of a stormy winter, there was found a pile of the 
bones of the various animals of the chase, and the horns 
of deer, mixed with the shells of molluscs of the edible 
species; and, judging from the remains of an ancient hill- 
fort in the neighborhood, and from the circumstance that 
under an adjacent dune rude sepulchral urns were dis- 
interred many years after, I have concluded that the hunt- 
ers by whom they had been accumulated could not have 
flourished later than at least the age of bronze. It was 
ascertained in one of the Orkneys, about the year 1819, 
that a range of similar dunes, partially cleared by a long 
tract of high winds from the west, had overlain for untold 
ages what seemed to be the remains of an ancient Scan-* 
din avian village. In fine, very strange fossils of the human 
period has this sand deposit of subaerial formation been 
found to contain. There were disinterred on the Cornish 
coast in 1835, out of an immense wreath of sand, an old 
British church and oratory, — the church and oratory of 
Perran-sabul®, — which had been hidden from the eye of 
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man for nearly a thousand years. The Tractarian contro- 
versy had JQst begun at the time to agit.ate the Episcopacy 
of England ; It had become of importance to ascertain the 
exact form of building sanctioned by antiquity as most 
conducive to devotion ; and a fossil church, which had un- 
dergone no change ahnost since the times of the ancient 
Christianity, was too interesting a relic to escape the notice 
of the parties which the controversy divided. But though 
antagonistic volumes were written regarding it, in a style 
not quite like that in which Professor Owen and Dr. Man- 
tell have since discussed the restoration of the Belemnite, 
it was ultimately found that the little old church of St. 
Pirran the Culdee — such a building as Robinson Crusoe 
might have erected for the ecclesiastical uses of himself 
and his man Friday — threw exceedingly little light on 
the vexed question of church architecture. The altar is in 
the east, said the Tractarians. Nay, the building itself does 
not lie east and west, replied their opponents. We grant 
you it does not, rejoined the Tractarians ; but its gable 
fronts the point where the sun rises on the saint's birthday. 
Who knows that? exclaimed their opponents : besides, the 
sacred gable was unfurnished with a window. We deny 
that, said the Tractarians ; the laborer who saw it just ere 
it fell says there was a large hole in it. And thus the con- 
troversy ran on, undoubtedly amusing, and, I daresay, very 
instructive. The north of Scotland has its ancient fossil 
barony underlying a wilderness of sand ; ploughed fields 
and fences, with the walls of turf-cottages, and the remains 
of a manor-house, all irrecoverably submerged ; — and wo 
find the fiict recorded in a Scotch act of the times of Wil- 
liam III. Curious, as being perhaps the only act of Par- 
liament in existence to which the geologist could refer for 
the history of a deposit, I must take the liberty of submit- 

5 
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tiivJC ^^ y<)u a small portion of one of its long sentences. 
"Our Sovereign Lord," says the preamble, '^considering 
that many lamln, meadows, and pasturages, lying on the 
6ea-0()aKt^s have been ruined and overspread in many parts 
of this kingdom by sand driven from sand-hills, the which 
huH been mainly occasioned by the pulling up of the roots 
of l>ent, juniper, and broom bushes, which did loose and 
break the surface and scroof of the sand-hills ; and partic- 
ularly, considering that the barony of Cawbin, and house 
an<l yeardn thereof, lying within the sheriffdom of Elgin, is 
quite ruined and overspread with sand, the which was oc- 
c:u(ioned by the foresaid bad practice of pulhng the bent 
and juniper, — does hereby strictly prohibit,** etc^ etc, etc. 
I have wandered for hours amid the sand-wastes of this 
ruined barony, and seen only a few stunted bushes of 
broom, and a few scattered tufls of withered bent, occupy- 
in"" amid utter barrenness, the place of what, in the middle 
of the seventeenth century, had been the richest fields of 
the rich province of Moray ; and, where the winds had 
hollowed out the sand, I have detected, uncovered for a 
few yards'-breadth, portions of the buried furrows, sorely 
dried into the consistence of sun-burned brick, but largely 
charged with the seeds of the common corn-field weeds of 
the country, that, as ascertained by experiment by the late 
Sir Thomas Dick Lauder, still retain their vitality. It is 
said that an antique dove-cot in front of the huge sand- 
wreath which enveloped the manor-house, continued to 
present the top of its peaked roof over the sand, as a foun- 
dered vessel sometimes exhibits its vane over the waves, 
until the year 17 GO. The traditions of the district testify 
that, for many years after the orchard had been enveloped, 
the topmost branches of the fruit-trees, barely seen over 
the surface, continued each spring languidly to throw out 
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bad and blossom ; and it is a curious circumstance, that in 
the neighboring clmrchyard of Dike there is a sepulchral 
monument of the Culbin family, which, though it does not 
date beyond the reign of James VI., was erected by a 
lord and lady of the last barony, at a time when they 
seem to have had no suspicion of the utter ruin which was 
coming on their house. The quaint inscription runs as 
follows : 

TALKR : KimrAIRD : SLIZABKTH : INTVIS : 1613 i 

TBS : BTILDAB8 '. OF : THI0 : BED : OF : STAKE : 

AB : LAI&D : AMD : LADIB : OF : COVBIKE : 

QVEILK : TVA : AND : THAR8 : QVHANX : BRAITHE 18 : OANB : 

PLEI8 : GOD : VIL : SLEIP : THIS : BED : VITUIH : 

I refer to these facts, though they belong certainly to no 
very remote age in the past history of our country, chiefly 
to show that in what may be termed the geological forma- 
tions of the human period very curious fossils may be 
already deposited, awaiting the researches of the future. 
As we now find, in raising blocks of stone from the quarry, 
water-rippled surfaces lying beneath, fretted by the tracks 
of ancient birds and reptiles, there is a time coming when, 
under thick beds of stone, there may be detected fields and 
orchards, cottages, manor-houses, and churches, — the me- 
morials of nations that have perished, and of a condition 
of things and a stage of society that have forever passed 
away. ^ 

Sand dunes and morasses are phenomena of a strictly local 
character. The last great geological change, general in its 
extent and effects, of which Scotland was the subject, was 
a change in its level, in relation to that of the ocean, .of 
from fifteen to thirty feet. At some unascertained period, 
regarded as recent by the geologist, — for man seems to 
have been an actor on the scene at the time, — but remote 

1 
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by the historian, — for its date is anterior to that of hm 
oldest authorities in this country, — the land rose, appar- 
ently during several interrupted paroxysms of upheaval, so 
that there was a fringe of comparatively level sea-bottom 
laid dry, and added to the country's area, considerably 
broader than that which we now see exposed by the ebb of 
every stream tide. And what I must deem indubitable 
marks of this change of level can be traced all around Scot- 
land and its islands. The country, save in a few interrupted 
tracts of precipitous coast, where the depth of the water, 
like that beside a steep mole whose base never dries at ebb^ 
preoludod any accession to the land, presents around its 
margin a double coast line, — the line at present washed 
by the waves, and a line now covered with grass, or waving 
with shrubs, or skirted by walls of precipice perforated with 
oaves, against which the surf broke for the last time more 
than two tliousand years ago. These raised beaches form 
a iMHMiliur foaturo in our Scottish scenery, which you must 
hiivo oWvw HMuarkod. In passing along the public road be- 
twooii Portolii'Ilo and Leith, tiie traveller sees upon the 
\vi\ haiul a continuous grassy bank, with a line of willows 
atoji, which ho may mark in some places advancing in low 
promontories, in others receding into shallow bays, and 
whicli is separated from the present coast line, which in 
gt^ncTal flatness it greatly resembles, by a strip of rich 
meadow land, varying from one to three hundred yards in 
breiuUh. The continuous grassy bank is the old coast line ; 
and the gently sloping margin of green meadow is the strip 
of flat sea-beach along which the tides used to rise and fall 
twice every twenty-four hours, ere the retreat of the sea 
within its present bounds. Should it be low ebb at the 
time, one may pass from the ancient to the recent sea- 
beach ; the one waving with grass, the other brown with 
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algae ; the one consisting, under its covering of vegetable 
mould, of stratified gravels and sand, blent with the de- 
cayed shells of mollusca that died more than twenty cen- 
turies since ; tlie other formed of exactly the same sort of 
lines of stratified sand and gravel, and strewed over by 
shells that were thrown ashore by the last tide, and that 
lived only a few weeks ago. And, rising over the lower, 
as over the upper flat, we see a continuous escarpment, 
which marks where, in the present age, during the height 
of stream tides, the sea and the land meet'; just as the up- 
per willow-crested escarpment indicates where they met of 
old. The two escarpments and the two gently sloping 
planes at their base are repetitions of the same phenomena, 
save that the upper escarpment and upper plane are some- 
what sofler in their outline than the lower, — an effect of 
the wear of the elements, and of the accumulation of the 
vegetable mould. There is as thorough an identity between 
them as between two contiguous steps of a stair, covered, 
the one by a patch of brown, and the other by a patch of 
green, in the pattern of the stair-caq)et. There are other 
parts of our Scottish shores in which the old coast line is 
of a much bolder character than anywhere in this neigh- 
borhood, and the plane at its base of greater breadth. On 
the Forfarshire coast, the Dundee and Arbroath Railway 
runs along the level margin, once a sea-bottom, which at 
one point, opposite the parish church of Barrie, is at length 
two miles in breadth, and the old coast line rises from thirty 
to fifty feet over it. It is strongly marked on the southern 
side of the Dornoch Frith, immediately below and for sev- 
eral miles to the east of the town of Tain, where it attains 
a breadth of from one to two miles, and where the old sea- 
margin, rising over the cottage-mottled plain below in a 
scries of jutting headlands, with green bosky bays between* 
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Strikes even the least practised eye as possessed of all the 
characteristic peculiarities of a true coast line. It is scarce 
less marked in the neighborhood of Cromarty, and on the 
opposite shore of the Cromarty Frith, in the parish of Nigg. 
It runs along by much the greater portion of the eastern 
coast of Sutherland ; and forms at the head of Loch Fleet* 
in the neighborhood of Dornoch, a long withdrawing fiith, 
bounded by pictures(iue shores, and coTcred by a short* 
green sward, level as the sea in a calm, on which groups 
of willow and alder trees take the place of bosy fleets, and 
the hare and the partridge that of the coot and the per* 
poise. Along the upper recesses of almost all our flatter 
friths, such as the friths of Beauly, of Dingwall, and of the 
Tay, and of the Clyde, it exists as fertile tracts of carse- 
land ; the rich links of the Forth, rendered classical by the 
muse of Macneil, belong to it ; it furnishes, in various other 
localities more exposed to the open sea, ranges of sandy 
links of a less valuable character, such as the range in our 
own neighborhood occupied by the race-course of Inveresk; 
and not a few of the seaports and watering places of the 
country, such as the greater part of Leith, Portobello,* 
Musselburgh, Kirkaldy, Dundee, Dingwall, Invergordon, 
Cromarty, Wick, Thurso, Kirkwall, Oban, and Greenock, 
have been built u])on it. 

The old coast line, with tl^e flat marginal selvage at its 
base, form, as I have said, well-marked features in the 
scenery of the island. Geology may bo properly regarded 
as the 8cie?ice of landscape : it is to the landscape painte* 
what anatomy is to the historic one or to the sculptor. '*-^'*^ 
the singularly rich and variously compounded prospects 
of our country there is scarce a single trait that cannot 
bo resolved into some geologicjil peculiarity in the coun- 
try's framework, or which does not bear witness otherwise 
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and more directly than from any mere suggestion of the 
associatiye &cnlty, to some striking event in its physical 
history. Its landscapes are tablets roughened, like the 
tablets of Nineveh, with the records of the past ; and their 
various features, whether of hill or valley, terrace or escarp- 
ment, form the bold and graceful characters in which the 
narrative is inscribed. As our Scottish geologists have 
given less attention to this special department of their 
science than to perhaps any other, — less, I am disposed to 
think, than, from its intrinsic interest and its bearing on 
art, is fairly owing to it, — I shall take the liberty — cast- 
ing myself on the forbearance of such of my audience as 
are least artistic in their tastes — of occasionally touching 
upon it in my course. 

I need scarce refer to the scenery of our mosses, — these 
sombre, lake-like tracts, divested, however, of the cheerful 
gleam of the water, — that so often fatigue the eye of the 
traveller among our mountains, but which at that season 
when the white cottony camach mottles their dark sur- 
&ces, reminding one of tears on a hatchment, — when the 
' hills around, purple with the richly- blossoming heath, are 
chequered with the light and shade of a cloud-dappled 
sky, — and when, in the rough foreground, the gray upright 
stone of other days waves its beard of long gray lichen to 
the breeze, — are not unworthy, in their impressive loneli- 
ness, of employing, as they have oflener than once done, 
the magic pencil of a Macculloch. I need as little refer to 
the scenery of those sand dunes which gleam so brightly 
amid some of our northern landscapes, and which, not 
only in color, but also in form, contrast so strongly with 
our morasses. The dark flat morass is suggestive always 
of sluggish and stagnant repose ; whereas, among our sand 
dunes, from the minuter ripple-markings of the general 
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FurfiiCH iC' ibt- 'vav^-llke funn of tbo Lds doped in the 
cViTviriiiiL iif lue }irt*vulliii£: 'friiid& and cnrred, like snow- 
Tpcreuuih. *L* iLe o]i}k»»i^ ]«oiDi of the oompasft. almost eveiy 
iiuiliur it f ^jl2iill V fSQi;£remiTe of matioxi. I oonld, faowevei; 
iulii tx>rr^'W liif ]ieiicd] ksT our oonzitnnmai HUL as be em- 
jiiov^ h ib liifr f.xquiiui« c&biDet-]dctiire&, to poitny the 
strLin* of tbt* Lica Baroxii' : rolling hilk of sand all aroond, 
the rtrd ligLt of a siohdt summer evening deepemng into 
dun hi^'l lurid liroira. tLrongh an eddying oolmnn of 8a£> 
foeatiug du«t matched np bj a vLirlwiDd; the antique 
ganlf liiiuJ dimlj shadowing forth the hour of lonset for 
tii« bi«t timeu amid Lalf^ubmeiged ahrafas and trees; aind, 
full iu the centre of the picture, a foriom fortalice of the 
oMeii Xhn^, with the encroaching wreath nang to its lower 
liattleuieiJts like t>ome wrecked vessel on a wild lee-shore, 
with the aii^rry surf niging high over her deck, and kisang 
with itb flame-like tips the distant ynnis. 

The bttexii^ry of the old coast line possesses well-nigh all 
the variety of that of the existing coast ; but it substitutes 
field and tneaxiow for the blue sea, and woods and human 
dwellin;48 for busy mast-crowdcil harbors, and fleets riding 
tit anchor. It is pleasing, however, to see headland jutting 
out beyond hcarlland into some rich plain, traversed by 
trim hedge-rows and green lanes; or some picturesque 
/'otttige, ovei'sli.'ulowed by its gnarled elm, rising in some 
bohky hollow at the foot of the swelling bank or wcather- 
ttfiiined prerripice, beneath which the restless surf once 
broke MgairiHt the lK.'ach. There are well-marked speci- 
iiieiiH of tliJH Hcenery of the ancient coast line in our imme- 
diiiUi iicifj^liborhood. MuHselburgh, with its homely Saxon 
niiiii«, lieH ill tli« middle of what was once a flat sandy bay, 
now liiid out into flcldrt, gardens, and a race-course; and 
(hr old rojiHi cjMoiiii»inont, luxuriant with banging woods, 
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and gay with villas, and which may possibly have been its 
first Celtic designation, J^vereskj ere the last upheaval of 
the land, half closes around it. The church and burying- 
ground occupy the top of a long ridge, that had once been 
a river-bar, heaped up apparently by the action of the 
waves on the one side, and by that of the ^stream on the 
other. But, as shown by the remains of Roman baths and 
a Roman rampart, which once occupied its summit, it must 
£ave borne its present character from at least the times of 
Lollius Urbicus, — perhaps for several centuries earlier. 
The neighboring port of Portobello, as seen from the east, 
just as it comes full in sight on the Musselburgh road, 
seems set so completely in a framework of the ancient 
escarpment, that it derives from it its natural features. 
But it is where, along our boulder shores, lines of steep 
precipices have been elevated over the sea, so that the 
waves no longer reach their bases, that the old coast sce- 
nery is at once most striking and peculiar. Tall picturesque 
stacks, which had once stood up amid the sur^ brown and 
shaggy with the serrated fncus and the broad-fronded 1am- 
inara, now rise out of thickets of fern or sloethom, and 
wave green with glassy ivy and the pendant honeysuckle. 
Deep caverns, too, in which the billows had toiled for ages, 
but now silent, save when the drop tinkles from above into 
some cool cistern half hidden in the gloom of the interior, 
open along the wall of cliffi ; and over projecting buttresses 
of rock, perforated often at their bases as if by Gothic 
archways, and thickly mantled over by liverworts, green 
and gray, the birch hangs tremulous from above, or the 
hazel shoots out its boughs of brighter green, or the moun- 
tain-ash hangs its scarlet berries. One of the most pleasing 
landscapes of one of the most accomplished of female 
artists — Miss Stoddart — has as its subject an ancient 
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0!u\*ir])mcnt of this bold character, which occurs in Arran. 
A iii<»Asy, fom-tufled meadow, skirted by the sea, roughened 
by what had once been half-tide skerries, and enlivened 
by a Highland cottage, stretches out into the fbregroond 
from an irregular wall of rock, overhang by graoefol foli- 
ago, hollowed Into deep recesses, adown which the waters 
tinkle, and with some of its bolder projections perforated 
at the b:use like flying buttresses of the decorated Gothic; 
and such is the truth of the representation, that we si 
otioo dotennine that the artist had chosen as her subject 
ono of the more precipitous reaches of the old coast line^ 
and that its wall of rock must have derived much of the 
poouliarity of trait so happily caught, from the action of 
tlio wavoA. Again, in direct contrast with this striking 
typo of old co:uit escaq>mcnt, though in its own way 
not les8 Ktriking, Mr. llilPs fine picture, ^The Sands at 
Suiu'iso,'' lately engraved by the Art Union, exhibits as its 
baekground ono of those long, flat, sandy spits, products 
of the last upheaval, which, stretching far into the sea, 
boar amid the light of day an air of even deeper loneliness 
than our woods and fields when embrowned by the gather- 
ing night. When the insulated stacks of an old coast line 
are at onoo tall and attenuated, and of a white or pale- 
eolorod rook, the effect, especially when viewed by moon- 
light, is singularly striking. The valley of the Seine, as 
described by Sir Charles Lyell, — now a valley, but once 
a broad frith, — is flanked on each side, in its lower reacheSi 
by tall stacks of white chalk, of apparently the same age 
as those of the ancient coast line of our own country; 
and, seen ranged along their green hill-sides, in the imper- 
fect light of evening, or by the rising moon, they seem the 
sheeted spectres of some extinct tribe of giants. 
The date of that change of level which gave to Scot- 



LECTURES ON GEOLOGY. #59 

]and this flat fringe of margin-land, with its picturesque es- 
carpment of ancient coast, we cannot positively fix. We 
find reason to conclude that it took place previous to the age 
of the Roman invasion. It has been shown, from evidence 
of a semi-geologic, semi-archseologic character, by one of 
our highest authorities on the subject, Mr. Smith of Jor- 
danhill, that the land must have stood at a not lower level 
than now, when the Roman wall which connects the friths 
of Forth and Clyde was completed. For, had it been 
otherwise, some of the terminal works which remain would 
have been, what they obviously were not, under the sea 
line at the time. In the sister kingdom, too, which has 
also its old coast line, St. MichaePs Mount in Cornwall, 
which was connected with the mainland at low water by 
a strip of beach in the times of Julius Caesar, — a fact 
recorded by Diodorus Siculus, — is similarly connected 
with the mainland at low water still. But though the 
upheaval of the old coast line is removed thus beyond the 
historic period, it seems to have fallen, as I have said, 
within the human one : man seems to have been an inhab- 
itant of the island when its general level was from twenty 
to forty feet lower than now, and the waves broke at full 
tide against the old coast line. ^ The skeleton of a Balse- 
noptera," says Professor Owen, "seventy-two feet in length, 
was found," about thirty years ago, " imbedded in the clay 
on the banks of the Forth, more than twenty feet above 
the reach of the highest tide." And again, " Several bones 
of a whale,"* he continues, "were also discovered at Dun- 
more rock, Stirlingshire, in brick-earth, nearly forty feet 
above the present sea-level." These whales must have 
been stranded when the old coast line was washed by the 

1 Bones of the whale have been found in the, clay of the Avon and 
Severn drifts, in a similar position. — W. S. S. 



fSO UCTUKIS OS GE0L06T. 

▼aT^Hw and die marzEnal strip existed as an oozy Bea-boU 
com. : izi<l jec in b*xh eases there were IuiiikI, among the 
bi>n<«^ primitive weapons BLide of the pointed branches 
ot «i««r 5 h^>m&. hi>ilbwei at their hroad ends by artifidal 
(•ertorucioos : and in one of these perforations the decayed 
ingments of a vooden shaft still remained. The pointed 
and pertbnted pieces of horn were eiidentlj rude kinoe- 
heads^ thdt in all probabOitT had been employed against 
the stranded '.-eMwa by the sarage natires. Further, where 
the citv of Glaseow now stands^ three ancient boats — 
one of whidi may be seen in the ^osenm of oar Scottish 
Anciqoaries in Edinbor^h. and another in the Andeisonian 
Museum — hare been dng op since the year 1781 ; the last 
onlv four Tears ai«o. One of the number was foond a full 
quarter of a mile 6v>!n the CIy«Je, and about twenty-six 
fivt above its level at high water. It reposed, too, not on 
a laminated $i!t« suob as the river now defK>sits, but on* a 
pure sea saniL -It therefore appears,"^ sa\-s Mr. Robert 
ChambeT^;. in bis singulariy ingenious work on '^Raised 
Beaches^" -that we have scarcely an alternative to the 
supposition that when these vessels foundered, and were 
de^x^siteii whore in mo^iem times they have been found, the 
Frith of Clyde was a sea several miles wide at Glasgow, 
covering the site of the lower districts of the city, and 
receiving the waters of the river not lower than BothweU 
Bridge.'" I may add, that the Glasgow boat in the Anti- 
quarian Museum is such a rude canoe, hollowed out of a 
single trunk, as may be seen in use among such of the 
Polynesian islands as lie most out of the reach of civiliza- 
tion, or in the Indian Archipelago, among the rude Alforian 
races ; and that in another of these boats — the first dis- 
covered — there was found a beautifully polished hatchet 
of dark greenstone, — an unequivocal indication that they 
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belonged to the "stone period,'' There arc canons ety- 
mologies traceable among the older Celtic names of places 
in the country, which I have sometimes heard adduced in 
evidence that it was inhabited, ere the last upheaval of the 
land, by the ancient Gaelic-speaking race. Eminences that 
rise in the flat marginal strip, and which, though islands 
once, could not have been such since the final recession of 
the sea, continue to bear, as in the neighborhood of Stir- 
ling, the Gaelic prefix for an island. But as the old Celts 
seem to have been remarkable as a people for their nice 
perception of resemblances, the insular form of these emi- 
nences may be perhaps regarded as suggestive enough to 
account for their names. One of these etymologies, how- 
ever, which could scarce have been founded on anv mere 
resemblance, seems worthy of special notice. Loch Ewe, 
in Ross-shire, one of our salt sea lochs, receives the waters 
of Loch Maree, — a noble fresh-water lake, about eighteen 
miles in length, so little raised above the sea-level, that 
ere the last upheaval of the land it must have formed 
merely the upper reaches of Loch Ewe. The name Loch 
Maree — Mary's Loch — is evidently mediaeval. And, curi- 
ously enough, about a mile beyond its upper end, just 
where Loch Ewe would have terminated ere the land 
last arose, an ancient farm has borne from time immemo- 
rial the name of Kinlochewe, — the head of Loch Ewe. 
Dispose, however, of the etymologies as we may, there are 
fiicts enough on record which render it more than probable 
that, though the general change of level to which we owe 
the old coast line in Scotland does not lie within the his- 
toric ages, it is comprised within the human period. But 
we cannot, as has been shown, fix upon a date for the 
event. 
Were the case otherwise, — could we fix with any cer- 

• 6 
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tainty the time when this change of level took place, and 
the platform of the lower coast line was gained from the 
sea, — there might he an approximation made to the ante- 
rior space of time during which the line of high water had 
been the willow-crowned escarpment beyond Portobello 
and the green bank near Rutherglen, and the sea rose far 
beyond its present limits in our friths and bays. There 
are portions of the coast that at this early period presented 
to the waves lines of precipices that are now fringed at 
their bases by strips of verdure, and removed far beyond 
their reach. There are other portions of coast in the 
immediate neighborhood of these, where similar lines of 
precipices, identical in their powers of resistance, were 
brought by the same movement within that very influence 
of the waves beyond which the others had been raised. 
And each line bears, in the caves with which it is fretted, 
— caves hollowed by the attrition of the surf in the direc- 
tion of faults, or where masses of yielding texture had 
been included in the solid rock, — indices to mark, propor- 
tionally at least, the respective periods during which they 
were exposed to the excavating agent. Thus, the aver- 
age depth of the ancient caves in an exposed line of coast, 
as ascertained by dividing the aggregate sum of their 
depths by their number, and the average depth, ascertained 
by the same process, of the recent caves, equally exposed 
on the same coast, and hollowed in the same variety of 
rock, could scarce fail to represent their respective periods 
of exposure, had we but a given number of years, histor- 
ically determined, to set off against the average measure- 
ment of the recent excavations. Even wanting that, how- 
ever, it is something to know, that though the sea has 
stood at the existing sea-margin since the days of Agrio- 
ola, and at least a few centuries more, it stood for a con- 
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mderably longer period at the old coast line. The rock 
of which those remarkable promontories, the Sators of 
Cromarty, are composed, is a granite gneiss, much trav- 
ersed by faults, and inclosing occasional masses of a soft 
chloritic schist, that yields to the waves, while the sur- 
rounding gneiss — hard enough to strike fire with steel — 
remains little affected by the attrition of centuries. These 
promontories have, in consequence, their numerous caves 
ranged in a double row, — the lower row that of the exist- 
ing coast, the upper that of the old one ; and I have 
examined both rows with some little degree of care. The 
deepest of the recent caves measures, from the opening to 
its inner extremity, where the rock closes, exactly a hun- 
dred feet ; the deepest of the ancient ones, now so com- 
pletely raised above the surf, that in the highest tides, and 
urged upwards by the severest storms, the waves never 
reach its mouth, measures exactly a hundred and fifty feet. 
And these depths, though much beyond the respective 
average depths of their several rows, bear, so far as I could 
ascertain the point, the proportions to each other that 
these averages bear. The caves of the existing coast line 
are as two in depth, and those of the old coast line as three. 
If the excavation of the recent caves be the work of two 
thousand years, the excavation of the ancient caves must 
have been the work of three thousand ; or, as two thou- 
sand does not bring us much beyond the Roman period, 
let us assume as the period of the existing coast line and 
its caves, two thousand two hundred years, and as the 
proportional period of the old coast line, three thousand 
three hundred more. Both sums united bring us back 
five thousand five hundred years. How much more an- 
cient either coast line may be, we of course cannot deter- 
mine : we only know that, on the lowest possible assump- 
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lion, we feaeh a period represented hj thar united ages 
only less extended by dz years than that which the Sa- 
maritan chronology assames as the period daring which 
man has existed upon earth, and only three hundred and 
fifty-five years less than that assumed by the Masoretio 
chronology. The chronology of the Septoa^nt^ which 
many have begun to deem the most adequate of the three, 
adds about five hundred and eighty-six years to tiie som 
of the latter. 

Permit me, in closing this part of my subject, to show 
you that changes of level such as that to which we owe 
our old coast line in Scotland, and the marginal strip of 
dry land which we have laid out into so many pleasant 
gardens and fields, and on which we have built so many 
of our seaport towns, are by no means very rare events 
to the geologist. He enumerates at least five localities in 
the Old World, — Scandinavia, part of the west coast of 
Italy, the coasts of Catch and of Arracan, and part of the 
kingdom of Luzan, in which the level is slowly changing 
at tlic present time ; and in the New World there are vast 
districts in which the land suddenly changed its level for 
a higher one during the present century. " On the 19th 
of November 1822," says Sir Charles Lyell, " the coast of 
Chili was visited by a most disastrous earthquake. When 
the district around Valparaiso was examined on the morn- 
ing after the shock, it was found that the whole line of 
coast for the distance of above one hundred miles was 
raised above its former level. At Valparaiso the elevation 
was three feet, and at Quinteno about four feet. Part of 
the bed of the sea remained bare and dry at high water, 
with beds of oyster, mussel, and other shells, adhering to 
the rocks on which they grew, — the fish being all dead, 
and exhaling offensive effluvia." Again, on the east side 
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of the Bay of Bengal, upon the coast of Arracan, which is 
at present in the coarse of rising, there are islands which 
present on their shores exactly such an appearance as our 
own country would have presented some sixty or a hun- 
dred years after the elevation of the old coast line. The 
island of Reguain, one of these, was carefully surveyed in 
the year 1841 hy the officers of her Majesty's brig Chil- 
ders : and it has been carefully mapped in the admirable 
Physical Atlas of the Messrs. Johnston of Edinburgh. 
We find it, as shown in the map, resembling three islands ; 
the one placed within the other, as, to employ a homely 
illustration, the druggist, to save room, places his empty 
pill-boxes the one within the other. First, in the centre, 
there is the ancient island, with a well-defined coast line, 
some six or eight feet high, running all around it. At the 
base of this line there is a level sea of rich paddy fields, — 
for what may be termed the second island has been all 
brought into cultivation; and it has also its coast line, 
which descends some six or eight feet more, to the level 
of a third island, which was elevated over the sea not 
more than eighty years ago, and which is still unculti- 
vated ; and the third island is surrounded by the existing 
coast line. Thus the centre island of Reguain consists of 
three great steps or platforms, each of which marks a par- 
oxysm of elevation ; and, witlf the upheaval of the coast 
of Chili, and a numerous class of events of a shnilar char- 
acter, it enables us to conceive of the last great geological 
change of which our country was the subject. We imag- 
ine a forest-covered land, marked by the bold, command- 
ing features by which we recognize our country, but in- 
habited by barbarous, half-naked tribes, that dwell in nide 
circular jrigwams, formed of the branches of trees, — that 
employ in war or the chase weapons of flint or jasper, 

6* 
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— and that navigate their rivers or estuaries in oanoes 
hollowed by fire out of single logs of wood. There has 
been an earthquake during the night; and when morning 
rises, the beach shows its broad, darkened strip of apparent 
ebb, though the tide is at full at the time; and when 
the waters retire, they leave vast uncovered tracts never 
seen before, comparatively barren in sea^-weed, but rich iir^ 
stony nulliparite encrustations, minute coralines, and fleshj 
sponges. Ages elapse, and civilization grows. The added 
belt of level land is occupied to its utmost extent by man : 
he lays it out into gardens and fields, and builds himself a 
dwelling upon it: but no sooner has he rendered it of 
some value, than the sea commences with him a coarse 
of tedious litigation for the recovery of its property ; and 
bit by bit has it been wresting it out of his hands. Almost 
all those tracts on our coasts which have been suffering 
during the last few centuries from the encroachment of 
the waves, and which have to be protected against their 
fury wherever land is valuable, as in this neighborhood, by 
lines of bulwarks, belong to the flat marginal strip won 
from them by the last change of level. 

Our next great incident in the geologic history of Scot- 
land dates, it would seem, beyond the human period. In 
passing along the beach between Musselburgh and Porto- 
bello, or again between Portobello and Leith, or yet again 
between Leith and Newhaven, one sees an exceedingly 
stiff, dark-colored clay, charged with rounded pebbles and* 
boulders, and which, where washed by the waves, presents 
a frontage nearly as steep as that of the rock itself. The 
deposit by which it is represented is known technically to 
the agriculturist as Till, -and to the geologist as the Moul- 
der' Clay, Though not continuous, it is of very general 
occurrence, in the Lowlands of Scotland, and presents, 
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thoagh it varies in color and composition, according to the 
nature of the rocks which it overlies, certain unique ap- 
pearances, which seem to connect its origin in the several 
localities with one set of causes, and which no other 
deposit presents. Like the raised beaches, it has contrib- 
uted its distinctive quota to the variously featured scenery 
of our country. The Scottish word scaur^ in the restricted 
significancy attached to it in many parts of the kingdom, 
means simply a precipice of clay ; and it is almost invari- 
ably the boulder-clay that forms scaurs in Scotland; for 
it is one of the peculiarities of the deposit, that it stands 
up well-nigh as steeply over the sides of rivers, or on 
encroaching sea-beaches, or on abrupt hill-sides, as rock 
itself; and these clay precipices bear almost invariably a 
peculiar set of characters of their own. In some cases 
they spring up as square and mural, seen in front, as clif& 
of the chalk, but seen in profile, we find their outlines 
described by parabolic curves. In other cases we see the 
vegetable mould rendered coherent by the roots of shrubs 
and grasses projecting over them atop, like the cornice of 
some edifice over its frieze. In yet other cases, though 
abrupt as precipices of solid rock, we find them seamed by 
the weather into numerous divergent channels, with py- 
ramidal peaks between ; and, thus combining the perpen- 
dicularity of true clifi53 with the rain-scooped furrows of a 
yielding soil, they present eccentricities of aspect which 
strike, by their grotesqueness, eyes little accustomed to 
detect the picturesque in landscape. Such are some of 
the features of the scaurs of our country, — a well-marked 
class of precipices for which the English language has no 
name. It is, however, in continuous grass-covered escarp- 
ments, which in some parts form the old coast line, and 
rise in others along the sides of rivers, that we detect at 
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appeanuieeSy whidi connect its origin in the several locali- 
ties with one set of cmoses, and which no other deposit 
pre»i^nt& On examining the boulders which it encloses, 
we find them strongly scarred and scratched. In roost 
instances, too, the rock on which the clay rests, — if it be 
a trap, or a limestone, or a finely-grained sandstone, or, in 
short, any rock on which a tool could act, and of a texture 
fitted to retain the mark of the tool, — we find similarly 
scarred, grooved, and scratched. In this part of the 
ooontry, the boulder-day contains scarce any fossils, save 
fragments of the older organisms derived from the rocks 
beneath ; but in both the north and south of Scotland — 
in Caithness, fi>r instance, and in Wigtonshire — it con- 
tains numerous shells, which, both in their species and 
their state of keeping, throw light on the origin of the 
formation. But of that more anon. Let me first remark, 
that the materials of the level marginal strip of ancient 
sea-beach beneath the old coast line seem, like the mate- 
rials of the existing sea-beach, to have b^n arranged 
wholly by the agency of water. But in the boulder-clay 
we find a class of appearances which mere water could 
not have produced. Not only are the laiger pebbles and 
boulders of the deposit scratched and grooved, but also its 
smaller stones, of from a few pounds to but a few ounces, 
or even less than an ounce, in weight ; and this, too, in a 
peculiar style and direction. When the stones are de- 
cidedly of an oblong or spindle shape, the scratchings 
occur, in at least four cases out of every five, in the line 
of their longer axis. Now, the agent which produced such 
effects could not have been simply water, whether im- 
pelled by currents or in waves. The blacksmith, let liim 
use what strength of arm he may, cannot bring his file to 
bear upon a minute pin until be has first locked it fast in 
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Km vice ; and then, thougb not before, his tool bean upon 
it, nntl scratches it as deeply as if it were a beam of iron 
of a ton weight. The smaller stones most have been 
fastened before they could have been scratched. Even, 
huwovcr, if the force of water could have scratched and 
furrowed them, it would not have scratched and furrowed 
thoiu longitudinally, but across. Stones, when carried 
udown a stream by the torrent, or propelled upwarda along 
a iH'aoh by the waves, present always their broader and 
longer surfaces; and the broader and longer these sui&oes 
i\n\ the further are the stones propelled. They are not 
fauuc/itii forwards, as a sailor would say, end any but tum^ 
Ntii forwanls broadside. They come rolling down a river 
ill llooil, or upwards on the shore in a time of tempest, as 
a hitgrthcad rolU down a declivity. In the boulder-clay, 
ou the contrary, most of the pebbles that bear the mark 
of tlioir tnin!t|KU't at all were not rolled, but slidden for- 
ward in tho lino of thoir longer axis. They were launched, 
att Bhi|M are*launoho(l, in the line of least resistance, or as 
au arrow or javelin is sent on its course through the air. 
Water could not have lu^en the agent here, nor yet an 
eruption of mud, proiK'lled along the surface by some 
wave 4>f truudlation, produced by the sudden upheaval of 
the iKiitom of the sea, or by some great wave raised by an 
eailh(}Uake. 

Hut if water or an eruption of mud could not have pro- 
duced Hueh etlects as the longitudinal scratching, let us ask 
what could have producetl them ? There are various pro- 
eesHCH going on around us, by which the scratchings on the 
solid rocks beneath are occasionally simulated with a less 
or greater degree of exactness. In some of our shallow 
Highland fielils, for instance, I have seen the rock beneath, 
or the stones buried at the depth of but a few inches from 
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the surface, scarred by the plough with ruts not very 
unlike the larger ones on the stones and rocks of the 
boulder-clay; but in these plough-scarred surfaces the 
polish is wanting. Again, in some of our steeper lanes, if 
a fine-grained trap has been used in the pavement, we find 
that it soon polishes and wears down under the iron-armed 
feet of the passengers, and becomes scratched in the line 
of their tread, in a style not very d'lstinguishable, save 
for the absence of the deeper furrows, from that of the 
scratched and polished rock-pavements of the boulder- 
clay. But I know of only one process by which, on a 
small scale, all the phenomena of the boulder-clay could 
be produced, more especially, however, the phenomena of 
its oblong pebbles scratched in the lines of their longer 
axis ; and my recollection of that one dates a good many 
years back. When, more than a quarter of a century ago, 
the herring fishery began to be prosecuted with vigor in 
the north of Scotland, many of the Highland woods of 
natural birch and alder were cut down for the manufacture 
of barrels, and floated in rafts along the rivers to the sea. 
And my opportunities of obser\dng these rafls, as they 
shot a}oBg the more rapid reaches of our mountain streams, 
or swept over their shallower ledges, grazing the bottom 
as they passed, naturally led me to inquire into their oper- 
ations upon the beds of the streams adown which they 
were floated. Let us advert to some of these. When a 
large raft of wood, floated down a rapid river, grates 
heavily over some shallow bank of gravel and pebbles 
resting on the rock beneath, it communicates motion, not 
of the roUing^ but of the lurching character, to the flatt^er 
stones with which it comes in contact. It slides ponder- 
ously over them; and they, with a speed diminished in 
ratio from that of the moving power in proportion to the 
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remarkably exemplified. It contains, as has been shown, 
the oblong stones scratched longitudinally; we fi«d it 
thickly charged in various parts of Scotland, though not in 
oar own immediate neighborhood, with worn and rounded 
fragments of broken shells ; and we see it almost invaria- 
bly borrowing its color from the rocks on which it rests, — 
a consequence, apparently, of its being the dressings of 
these rocks. There is a peculiar kind of clay which forms 
on the surface of a hearthstone or piece of pavement, 
ander the hands of a mason's laborer engaged in rubbing 
it smooth with water and a polisher of gritty sandstone. 
This clay varies in quality and color with the character of 
the stone operated upon. A flag of Arbroath pavement 
yields a bluish-colored clay; a flag of the Old Red of Ross 
or Forfarshire, a reddish colored clay ; a flag of Suther- 
landshire Oolite, or of the Upper Old Red of Moray or of 
Fife, a pale yellowish clay. The polishing process is a 
process which produces clay out of stones, as various in 
tint as the coloring of the various stones which yield it ; 
and in almost every instance does the clay thus formed 
resemble some known variety of the boulder-clay. The 
boulder-clay, in the great majority of cases, is, both in 
color and quality, just such a clay as might be produced 
by this recipe of the mason's laborer, from the rocks on 
which it rests. The red sandstone rocks of Moray, Cro- 
marty, and Ross, are covered by red boulder-clays; a 
similar red boulder-clay overlies the red sandstone rocks 
of Forfarshire ; and I was first apprised, when travelling in 
Banf&hire some years ago, that I had entered on the dis- 
trict of the Old Red, by finding the boulder-clay assuming 
the familiar brick-red hue. Over the pale Oolites of Suth- 
eriandshire^ as at Brora and Golspie, it is of a pale yellow 
tint^ and of a yellowish red over the pale Old Red Sand- 

7 



74 LBCTURES ON QEOLOGY. 

Ft ones of the long, flat valley known as the Hbwe of Fife. 
Ai;c:iii;i, in the middle and north-western districts of Caith* 
noss, where the paving flagstones so well known in com- 
merce give to the prevailing rocks of the district a sombre 
tint of gray, the boulder-clay assumes, as in the neighbor- 
hood of Wiek and Thurso, the leaden color of the beds 
which it overlies; while over the Coal Measures of the 
south of Scotland, as in East and West Lothian, and 
around Edinburgh, it is of a bluish-black tint, — exactly 
the color which might be premised, on the polishing the- 
ory, from the large mixture of shale-beds, coal-seams, and 
tntp-nH*kA, which occurs amid the prevailing light-hned 
Handstonos of the deposits beneath. Of course, this con- 
<lition of resemblance in average color between the rocks 
and the boulder-days of a district is but of general^ not 
iHrariaNe occum»niH>, — the boulder-clay is not invariably 
the dn»s8ing« of the rocks beneath. We may occasionally 
find the trail of the rubbings of one tract overlying, in an 
easterly direction, the deposits of a different one; just as 
we would find the rubbings of variously-colored pieces of 
pavement laid down to form a floor, and then polished, 
square by square, where they lay, encroaching, the debris 
of one square on the limits of another, in the direction of 
tlio outward stroke of the polisher. 

But while we thus find all the conditions of a raft- 
fonncd deposit in or associated tcith the boulder-clay,^ 
such as grooved and furrowed rocks beneath, scratched 
and polished stones lined longitudinally inclosed in it, 
accompanied, in not a few instances, by rounded frag- 
ments of shells, and a general conformity in its color to 
that of the rocks on which it rests, — where in nature 
shall we find the analogues of the producing rafts them- 
selves? A native of Xewfoundland, who season after 
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season had seen the Arctic icebergs grating heavily along 
the coasts of the island, would experience little difficulty 
in solving the riddle. For rails of wood we have but to 
substitute rails of ice, a submerged land covered by many 
£ithoms of water, for the shallows of the river of my illus- 
tration, and some powerful ocean current, such as the gulf 
or arctic stream, for the river itself and we at once arrive 
at a consistent theory of the boulder-clay and its origin. 
Nor must we deem it a thing improbable, that a country 
like Scotland, which lies between the fiily-iifth and the 
fiily-ninth degree of north latitude, should be visited 
every year by icebergs. Newfoundland lies from five to 
eight d^rees to the south of Scotland, and yet its north- 
em shores are included in that vast cake of ice which, 
when winter sets fiiirly in, is found to stretch continu* 
ously, though in a winding line, over the surface of the 
ocean, irom Nova Zembla in the Old World, to Labrador 
in the New ; and the driil ice-floes in spring, borne south- 
wards on the Arctic current, brush every season over its 
Boathem shores, or ground by hundreds upon its great 
bank ; nor do they finally disappear until they reach the 
fortieth, and, in at least one recorded instance, the thiity- 
sixth, degree of north latitude. I need scarce remind you 
that the temperature of a country depends on other causes 
than its distance from the equator or the pole. The iso- 
thermal line, or line of mean temperature, of the capital 
of Iceland, ReUciavik^ in latitude 64, is nearly as high as 
that of St. John's, the capital of Newfoundland, in lati- 
tude 47 ; and old York, in the fiily-fourth degree of north 
latitude, enjoys as much average wannth throughout the 
year as New York, in the forty-first degree. Now, the 
causes which give to countries in the same latitudes 
climates so strangely different are known not to be per* 
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tnnncnt causes: temperature is found to depend on the 
(liH|>oHiti()ii of land and sea, and the position, not of the 
f^(M)^r!i|)hical pole, which is single and centrical in each 
li(MiiiM|)liere, but of the pole of greatest cold, which, in at 
UminI tlio iioilhcm hemisphere, is double, and not centri- 
(Mil, — Aniii having one, and America another; and i^ as 
U i^ciuTuIly held, there be a correspondence amounting 
uliiMiNt to identity between the poles of greatest cold and 
the nin«;niaio )h)1os, then these poles are not fixed, but 
oHoillutin);;. Nor are we left to infer on merely general 
IfituihiU that the climate of our country may have been at 
iiiio tinio greatly more severe than it is now. There is 
aUti ioilhifiiHil oviilcnce that it was greatly more severe. 
It U a (Min4»UH and siii^nificant fact, that tho group of shells 
ttmnd in tho bouIdorH'lay, resting over the scratched and 
Di^^on^hI l^vks and aooonqmnying the scratched and pol- 
|ilu*d |u»Ut»KvH, iM oHHontially a boreal or semi-arctic group. 
'Ihu lutlo hhoU tWiu tho boulder-clay of Caithness — tho 
/Ky^.^s»/* c<i\iAi/*{/t»/v/i»jf or J'\tsus scalariformia^ which, 
I'umu u^ Hiuall M^Oi Hoems to have escaped the fate that 
vvu'aho\t w^i la»xv*' \H»nteniporju'ies into fragments — is not 
uv^w t'i^utvl li\inv; on our iHKi$t$« though it still exists in 
oouHidoruMo abiuuliuuH^ in tho seas of Greenland; and sev- 
eral i»r ItH neii;;hUM*!i in tlu* day, ssuoh as Tellina proxttna 
and . ^M^»/•^^ /M»/y(i/»X an* of the same northeni character. 
Nav. in oa«e« in wliich the shells of the boulder-clay still 
llvo In our noaM, we find those of a northern character, such 
as ttio i)/prina A<Af/*(/A'<i, that* though not rare on the 
nlioiVM of Scotland, is vastly more abundant on those of 
leoland, <»oeurring, not in tho present British, but in the 
juvsent Ii»elandio proportions. The Ot/pnna Islandica is 
one of tho most common shells of the clay, and, as its 
name testifies, one of tho most common shells of Iceland ; 
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but it is by no means one of the most common shells at 
the present time of our Scottish coasts. The shells of the 
boulder-clay correspond in the group, not to the present 
shells of Scotland, but to the present shells of Iceland and 
the Northern Cape. 

Further, we are not left merely to infer that icebergs 
could or might have grooved and worn down the rocks of 
the country : we leafn from Sir Charles Lyell — unques- 
tionably a competent observer — that he caught icebergs 
almost in the very fact of grooving and wearing down 
similar rocks. In his first work of ^ Travels through the 
United States,'^ he describes a visit which he paid to the 
coast of Nova Scotia, near Cape Blomidon : " As I was 
strolling along the beach," he says, ** at the base of a line 
of basaltic cliffs, which rise over ledges of soft sandstone, 
I stopped short at the sight of an unexpected phenom- 
enon. The solitary inhabitant of a desert island could 
scarcely have been more startled by a human footprint in 
the sand than I was on beholding some recent furrows on 
a ledge of sandstone under my feet, the exact counterpart 
of those grooves of ancient date which I have so often 

attributed to glacial action On a recently formed 

ledge I saw several straight fuiTOWS half an inch broad, 
some of them very nearly parallel, oXhers slightly diverg- 
ent ; and, after walking about a quarter of a mile, I found 
another set of similar furrows, having the same general 
direction within about five degrees ; and I made up my 
mind that, if these grooves could not be referred to the 
modem instrumentality of ice, it would throw no small 
doubt on the glacial hypothesis. When I asked my guide, 
a peasant of the neighborhood, whether he had ever seen 
much ice on the spot where we stood, the heat was so ex*- 
ccssive (for we were in the latitude of the south of Franoe^ 

7* 
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45 degrees north) that I seemed to be patting a Btrange 
question. He replied, that in the preceding winter [that 
of 184 1 J he had seen the lee, in spite of the tide, which 
ran at the rate of ten miles an hoar, extending in one nn« 
interrupted mass from the shore where we stood, to the 
opposite coast of Parrsboroogh, and that the ice-block% 
heaped on eadi other and froien together, or packed n% 
the toot of Cape Blomidon, were often fifteen feet thick^ 
and were pushed along, when the tide rose, over the sand- 
stone le^lgesw He also stated that fragments of the black 
stone which iell from the snmmit of the cliff — a pfle of 
which by at its base — were often frozen into the ice, and 
movt\i along with it. And I have no doubt that the bard- 
ne^ of tliese gravers* firmly fixed in masses of ice, which, 
thou:;h onlv fifteen feet thick, are often of considerable 
honion;:iI extent, has tumi:>he«l sufficient pressure and me- 
chdnioal fvwor to grvx^ve the ledJJ^^s of soft sandstone." 

Thu* tar Sir Charles^ The boulder-clav is found in 
Svvtland tK>m det?p beneath the sea-level, where it forms 
tho anchv^Hrc 5;::n>«nvl of some of our finest harbors, to the 
hc;c^.; v^f tVvHii Six to cine hundred feet along our hill- 
stoics. Tho imvoI\\l K»uMer* to which it owes its name 
hax o tvca to;«ul as hijA as fourteen hundred feet. Up to 
the hij^H'st of those heights iceberg at one time operated 
tt|vn our Sxvt;ish rocks* ScotlanvK therefore, mast in that 
ic\ ,"^c^ Uaxc Kvn submerired to the hirfiest of these 
l\\H>:bt5!k It must have existed as three gn>ups of islands,— 
iho l^hcxiv^t, orsouthoni ^'>ap: the Grampian, or middle 
)ai>*m* : ,i«xl tho Bcu AVtuvis^ or northern gn^np. 

I. CI n><» novt ."^dxort to a pccu:j.inty in the direction of 
0^0 <^^^Umv* ^^ h^'h xicnt car^vnusT »t this period over the 
iiwtN««iM>ixsl l.ind. As shown bv the lines and furrows 
xxhich Uh\v h.iw gt^iven upon the rocki^ their general 
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coarse, with a few occasional divergences, — effects appa- 
rently, of the lino of the greater valleys, — was from west 
to east. It is further a fact, exactly correspondent in the 
evidence which it bears, that the trap eminences of the 
ooantry — eminences of hard rock rising amid districts of 
soft sandstone, or still softer shale — have generally at- 
tached to their eastern sides sloping tcUi of the yielding 
strata ont of which they rise, and which have been washed 
away from all their other sides. Every larger stone in a 
water-course, after the torrent fed by a thunder-shower 
has just subsided, shows, on the same principle, its trail of 
sand and shingle piled up behind it — sand and shingle 
which kept it from being swept away ; and the fdmple ef- 
fect, when it occurs on the large scale, is known to the 
geologist as the phenomenon of "Crag and tail." The 
rock upon which Edinburgh Castle stands, existing as the 
•* crag^ and the sloping ridge which extends from the cas- 
tle's outer moat to Holyrood, existing as the tail, may be 
cited as a familiar instance. We find the same phenom- 
enon repeated in the Calton Hill, and in various other 
eminences in the neighborhood ; as also in the Castle Hill 
of Stirling. And in all these, and in many other cases, the 
tail which the crag protected is turned towards the east, 
indicating that the current which in the lapse of ages 
scooped out the valleys at the sides of the protecting 
crags, and in many instances formed, by its eddies, hollows 
in advance of them, just as we find hollows in advance of 
the larger stones of the water-course of ray illustration, 
was a current which flowed fi-om the west. The testi-r 
mony of the ice-grooved rocks, and of the eminences 
com|x>sed of crag and tail^ bear, we see, in this same line. 
Now, this westerly direction of the current seems to be 
exactly that which, reasoning from the permanent phe- 
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r.u-Tia of nainre. might lie premiRed. There must have 
lH-i:i ir:i-ic iriDJs in ewry jx-riod of the worid's history, in 
V ':.!.. b iLe esnh revolved frc»m west to east on its axis; 
uxil viiL trade winds the aooompanying drift current. 
Ati.i, iif cN>nfieqiience, ever anoe the existence of a great 
itt'Sirm ooDiiD<2it« stretching £»* from south to north, 
il'cre ir.n$i have been also a gulf stream. The waters 
}<ij;}ysi up acainfS the coasts of this western continent at 
\h< €^xiSkA<ff hj the dnft current ever flowing westwardsi 
31: »9? }i&i'e K^oi a}waT&* as now, retuqung eastwards in 
iw WT^.^K^rsr^t■ stooc, to presexTe the general level of the 
,vnvwr.'> wirfaiY^ Ever, uxk since winter took its place 
jij()>.^r.A: ;i}e M-j»on& ibt^z^ muss have been an arctic current 
Tin Ki azy-l «>v^w* itf ihe higher latitudes, that accumu- 
liUsl .lur^r.*: ;Lc wiuur. musi have again melted in spring, 
.•: .! t:*r> sLLn-nitr; i^ii a cunvnl must in consequence 
l.riVt' sr: in iv> the s^msviu* of iLese came on, just as we 
iJv'W 5<-e s^ucL a current seiung in, in iLcse seasons, in both 
Lemispher**. which bear? the ioe of the antarctic circle far 
iuWiLr«is the nonli, and the ice of llie arctic circle far to- 
wards the simtb. The point ai whicK, in the existing state 
of things, the gulf stream and the arctic current come in 
Contact is that occujiied l»y the grent bank of Xewfbund- 
Innd ; and bv some the verv existence of the bank h:i8 
Uvn attribuitnl to their junction, and to the vast aocumu- 
hit ion of srmvel and stone cast down vear after vear ftx)m 
tlie drill ice to the Ixntom, where these two great tides 
nuvt and it^silc. I>e this as it mav, the number of boul- 
di'i's and the quantity of jx^bbli^s and gravel strewed over 
tlu» luMtom of the western portions of the Atlantic, in the 
line oC the an»tie eum*nt, from the confines of Baffin's Bay 
np to the tort y- fifth degree of north latitude, must be alto- 
liethiT euonuous. C^quain Seoresby counted no fewer 
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tban five hundred icebergs setting out on their sonthem 
voyage on the arctic current at one time. And wherever 
there are shallows on which these vast masses catch the 
bottom, or grate over it, — shallows of from thirty to a 
hundred fathoms water, — we may safely premise that at 
the present time there is a boulder-clay in the course of 
formation, with a scratched and polished surface of rock 
lying beneath it, and containing numerous pebbles and 
boulders striated longitudinally. That the point where 
the gulf and arctic currents come in contact should now 
lie so far to the west, is a consequence of the present dis- 
position of the arctic and western continents, — perhaps 
also of the present position of the magnetic pole. A dif- 
ferent arrangement and position would give a different 
point of meeting ; and it is as little improbable that they 
should have met in the remote past some two or three 
hundred miles to the iDest of what is now Scotland, as that 
in the existing period they should meet some two or three 
hundred miles to the east of what is now Newfoundland. 
The northern current would be deflected by the more pow- 
erful gulf stream into an easterly course, and would go 
sweeping over the submerged land in the direction indi- 
cated by the grooves and scratches, bearing with it every 
spring its many thousand gigantic icebergs, and its fields 
of sheet-ice many hundred square miles in extent. And 
these, armed beneath with great pebbles and boulders, or 
finding many such resting at the bottom, by grinding 
heavily along the buried surface, — like the rafts of my 
illustration along the bed of the river, — would gradually 
wear down the upper strata of the softer fonnations, leav- 
ing the clay which they had thus formed to be deposited 
over, and a little to the east of, the rocks that had pro- 
duced it. It is further in accordance with this theory, that 
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in Scotlan<l genenllTy the deeper deposits of the boulder- 
clay oocar on the eastern line of coast. The caller, in 
whetting a tool with water on a fiat Turkey stone^ drives 
the gray, milky dressings detadied by the friction of the 
steel from the solid mass, to the end of the stone fiffthest 
from himself and there they accumulate thi<^ in the direo* 
lion of the stroke. And so it is here. The rubbings of 
the gnsat Scotch whetstone, acted upon by the innnmer- 
nlilo gravers and chisels whetted upon it, and held down 
or Htea<]io<l by the icebergs, have been carried in the east- 
vT\y dirtfction of the stroke, and deposited at the further, 
that iM to sny, the eastern, end of the stone. 

Hut fitnriiig I have already too much trespassed on your 
tiiiio niid patience, I shall leave half told tor the present 
ilio Ntory of the pleistocene period in Scotland. If^ in- 
Ptoad of pn^Hditing it to you as Ft piece of clear, condensed 
narrative, I have led you darkly to grope your way 
tlinm^li it by a series of fatiguing inductions, you will, I 
tvuHt^ HUHtain my apology, when I remind you that this 
olivary ioo-epooli in the history of our country, still tbrms 
a« deUateablo a fcrni incognita to the geologist as the 
«b"i^an* ioe-traetH whieh surround the pole do to the ge- 
oyirtphor. We have luH^n threading our twilight way 
(ht^«ii^h a dilHeult North-West Passage; and if our prog- 
»iw« hi(4 beeu in Home degree one of weariness and £itigue, 
>\e \\\\\^\ ^'member that without weariness and fatigue no 
\o\«*fcXev ever yet explonnl 

" rUo Uv IocK^hI ii«vix't« of that hoaiy deep 
\\ ti»Mv iVitonst dtixitiiiA ami fkx^xen eontinenta 
1 lo \liuK )k\\\\ >k(UI. tH'at with perpetual storm 
Ol v^hUUlml ami iliix' hail.*' 

" NVe mlv\ht e\peel»** nay?* IV^fessor Sedgwick, "that as we 
vome el\'*e \ip*»u U\ iui; uatuns the characters of our old 
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records would grow I^ible and clear. But just where we 
begin to enter on the hbtorj of the physical changes going 
<Mi before our eyes, and in which we ourselyes bear a part, 
our chronicle seems to &il ns: a.leaf has been torn out 
£roni Nature's book, and the succession of events is almost 
hidden from our eyes.'' Now, it is to this age of the drift- 
gravels and the boulder-clay that the accomplished Pro- 
fessor here refers, as represented in the geolo^c record by 
a torn page ; and though we may be disposed to view it 
rather as a darkened one, — much soiled, but certainly not 
awanting, — we must be content to bestow on its dim, half- 
obliterated characters, more time and care than suffice for 
the perusal of whole chapters in the earlier books of our 
history. And so, casting myself on your forbearance, I 
shall take up the unfinished story of the^ Pleistocene period 
in Scotland in my next address 
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LECTURE SECOND. 

Problem fint propoandcd to the Antbor In a Qnny— The Qnany'e Two Depo^ 
ito, Old Red Sandatone and BonldsrClay— The Bo«kler-Clej fbrmcd while the 
Laud WM suUidiDg — The Groovinge and PoUrhlnfie of the Rocki in the Lower 
Farts of tlie Coontrjr erldenoeB of the Aet— Sir Cliarice Ljell'i Ohacrratloiia 
on the Canadian Lake Dletrict— Cloee of the Boiikler^riaj Beeord In ScotlaiMl 

— Its Continuance in England into the Pliocene Ages— The Trees and Aniaals 
of the Pre-Glacial Periods —ElcphanU* Tasks foond in Seotland and England 
regarded as the Bemains of Giants— Legends coneeraing them ~ Marine De» 
posits beneath the Pre^laeial Forests of England — OI^|cctieas of TheolQgiaiii 
to tlie Geological Theory of tlie Antiquitj of the Earth and of the Unman 
Race considered — Extant of the Glacial Period in 8co*land — Eridenees of 
Glscial Action in Glcncoe, Garelocb, end the lligblands oi Sutherland— See- 
nerj of Scotland owes its Chsracteristics to Glscial Action— The Period of 
Elevstioo which succeeded tlie Period of Subsidence — Its Indications in 
Rained Beaches and Subsoils — How the Subwils and Brick Clays were formed 

— Their Economic I miK>rtance— Boulder-Stones interesting Features in the 
LandMape — Their prevslence in Scotland— The more remarkable lee-trar- 
ellcd Boulders described — Anecdotes of the *' Travelled Stone of Petty " and 
the Standing Stone of Torribal — Elevstion of the Land during the Post-Ter- 
tiary l*eriod which succeeded the Period of the BouIder-CUiy — The Alpine 
Plants of Scotland the Vegetable Aborigines of the Country- Panoramie 
View of the Pleistocene and Poet-Tertiary Periods— Modem Science not 
adverse to the Development of the ImaginaUve Faculty. 

I REMEMBER, as distinctly as if I bad quitted it bat yes- 
terday, tbe quarry in wbicb, some two-and-thirty years 
ago, I made my first acquaintance with a life of toil and 
restraint, and at the same time first broke ground as a 
geologist. It formed a section about thirty feet in height 
by eighty or a hundred in length, in the front of a furze- 
covered bank, a portion of the old coast line ; and pre- 
sented an under bar of a deep-red sandstone arranged in 
nearly horizontal strata, and an upper bar of a pale-red 
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clay rongheDed by projecting pebbles and boulders. Both 
deposits at the time were almost eqaally unknown to the 
geologist. The deep-red sandstone beneath formed a por- 
tion of that ancient Old Red system which represents, as 
is now known, the second great period of vertebrate exist- 
ence on our planet, and which has proved to the paleon- 
tologist BO fertile a field of wonders : the pale day above 
was a deposit of the boulder-clay, resting on a grooved 
and furrowed surCice of rock, and containing in abundance 
its scratched and polished pebbles. Old Red Sandstone 
and boulder-clay! a broad bar of each; — such was the 
compound problem propounded to me by the Fate that 
dropped me in a quarry ; and I gave to both the patient 
study of years. But the older deposit soon became frank 
and communicative, and yielded up it9 organisms in abun- 
dance, which furnished me with many a curious little anec- 
dote of their habits when living, and of the changes which 
had passed over them when dead; and I was enabled, 
with little assistance from brother geologists, to give a his- 
tory of the system to the world more than ten years ago. 
The boulder-clay, on the contrary, remained for years in- 
vincibly silent and sullen. I remember a time whep, afler 
passing a day under its barren scaurs^ or hid in its precip- 
itous ravines, I used to feel in the evening as if I had been 
travelling under the cloud of night, and had seen nothing. 
It was a morose and taciturn companion, and had no spec- 
ulation in it. I might stand in fi*ont of its curved preci- 
pices, red, yellow, or gray (according to the prevailing 
color of the rocks on which it rested), and might mark 
their water-rolled boulders of all kinds and sizes sticking 
out in bold relief from the surface, like the protuberances 
that roughen the rustic basements of the architect ; but I 
had no " Open Sesame^ to form vistas through them into 

8 
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\hi 7?*?£s?«s rf ihe past. And even now, wheii I have, 
I - Li: t. Vrna to i2Dd«suiid the boulder-daj a little, and 
rs La* lK«:-.-*n>e «xdfcWe enoDgli to indulge me with ocear 
«6.»sil r::=ps« cf hs earl v historr in the old glacial period, 
— y..n::ise« c-f 1 bsli^bmey^td land, and an iceberg-mot- 
?3:fi <ic-^ 1 uT^id with ibe comminnted debris of the rocks 
K J :■'«■, — Tc^Ti will s»ee bow Tenr ronoh I have had to borrow 
ir>T:: ihe liK**? of oiliers* and that, in worming my way 
ir:o ::< swreL ibere are ob«-ure recesses within its pre- 
c:::::? in:? wbiA I have flailed to p^'netrate. Let us now, 
K^ViTcr. rosTane it* half-told story. 

Til re are appearances which lead us to conclude, that 
i^'tir.r.j: 'be fonnaiion and deposition of the boulder-clny, 
wh:;: :< ::ow SiviLin-i was undei^ing a gmdual subsid- 
er.»>\ — irr:;vlu;;'.\v fv^un-lerng amid the waves, if I may so 
<}x.%'k. !:ko a >!ow!y-sinkincr ve<>eL and presenting, as ecn- 

t;:^v >;:c\vOvio.l oinlun-, bills of lower and vet lower alti« 

• ■ • 

tv.-:o, a::.1 sn ever los<oninrr area. I was cjatified to jSnd, 
tV.".: whin rv:»soninc: out the matter for mvself and arriv- 
!vc "• '*^-^ OROTIC :u>iv>n fK"*ri the examination of one special 
Sk : V t* v:/.:,'k Mr. Ch:'.rits Darwin was arriving at the same 
\\^v.v>.:>:o:: :t\^!U tlio vvnsi-loration of a second and entirely 
ili!!V:vr.i s^i : and Sir Cbarlos Lyoll — from whom, on the 
publuMtion of my viowsin the "Witness'^ newspaper some 
tour voais siniv, I rt'ivived a kind and interesting note on 
tho s\il\ioi't — liad also arrived at the same conclusion — 
Nonli Ainorioa Inking the scene of his observations — from 
tlu» lonsidoration of yet a third and equally distinct set 
\\\\\ ill tho ^ifoological Journal" for the present year, I 
filial Mr. Joshua Trimmer and Mr. Austin arri>'ing, from 
oNixlouro equally independent, at a similar finding.* We 
have all come to infer, in short, that previous to the Drift 
W\'M the laud had 8ttK)d at a comparatively high level, — 
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perhaps higher than it does now; that ages of depression 
came on, during which the land sank many hundred feet, 
and the sea rose high on the hill-sides ; and that during 
these ages of depression the boulder-clay was foimed. 
Let me state briefly some of the considerations on which 
we found. 

The boulder-clay, I thus reasoned with myself is gener- 
ally found to overlie more deeply the lo#er parts of the 
country^ than those higher parts which approach its upper 
limit ; and yet the rocks on which it rests, in some local- 
ities to the depth of a hundred feet at even the level of 
the sea, bear as decidedly their groovings and polishings 
as those on which, eight hundred feet over the sea-level, 
it reposes to but the depth of a yard or two. Now, had 
a rising land been subjected piecemeal to the grinding 
action of the icebergs, this would not have been the case. 
The higher rocks first subjected to th^ir action would of 
course bear the groovings and furrowings ; but the argil- 
laceous dressings detached from them in the process, mixed 
with the stones and pebbles which the ice had brought 
along with it, would necessarily come to be deposited in 
the form of boulder-clay on the lower rocks ; and ere these 
lower rocks could be brought, by the elevation of the 
land, within reach of the grinding action of the icebergs, 
they would be so completely covered up and shielded by 
the deposit, that the bergs would fiiil to come in contact 
with them. They would go sweeping, not over the rocks 
themselves, but over the clay by which the rocks had been 
covered up; and so we may safely infer that, had the 
boulder-clay been formed during an elevating period, the 
lower rocks, where thickly covered by the clay, would not 
be scratched and grooved as we now find them, or, where 
scratched and grooved, would not be thickly covered by 

i 
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tho clay. The existing phenomena, deep grooves and 
polishod strise, on rocks overlaid at the present sea-level 
to a «rreat depth bj the boulder-clay, demand for their 
pn>«Iuotion the reverse condition of a sinking land, in 
whloh the lower rocks are first subjected to the action of 
tho K^'l>enrs and the higher rocks after them. The quar^ 
r(vr« when he has to operate on some stratum of rock on a 
litU-«(UK\ has to commence his labors below, and to throw 
tUv rubbish which he forms behind him, leaving an open 
/fit' in tr\>nt : ton were he to reverse the process, and com- 
tiu'tuv ^K^»rc« the accumulating debris, ever seeking down- 
\i:«t>ls^ would at length so choke up the working as to 
9rr\yt( hiH labonk And such, we infer firom the work done^ 
wn'^t It.ivv Kvn the oourw of operations imposed by the 
KX»«.ht:on< v*f a *iiikinir land on the icebergs of the glacial 
tv^t^^l ihcv IviTitt their special course of action at the 
N * -Vv*?^ .vtvl otv«te\l u{K»n its surface upwards as the 
x%'.» irx»*<v\ Ac^ru Mr. I'Hirwin^s reasonings were mainly 
»\a^.lvsl ou tKv* *ii;:t^ittoaut fifcot* that in numerous instances 
v-i^ v-\xi tvuUwtx v*f :ho ivv pcrioil may be found on levels 
xxii'o.-s'tsN^ ^^^i^^:r tb.ui thoiw of the rocks from which 
t'»v*> ^vrv o.'Virv.il'v Sv^ax. Ativl though oases of transport 
^N-tti i \«>kvr to A huhor Icvt'I ov^uld and would take place 
\luvti»»: A ^vrivKl ot *ulvsivU*not\ when the sea was rising or 
tho litul sinking, it is iiu(vc«$ible that it could have taken 
j»Uw vlurtniT an oiovatins; jH»rio^U when the sea was sink- 
ing: or t!io l:md rising.^ A dowing sex to use a simple 
ilUf^triliou, tr\H|uoutly carries sholK pebbles, and sea-weed 
tWiu tho lovol of ebb to tho level of flood; — it brings 
Uu'iu frvnu a low to a hisjh level : whereas an ebbing sea 

* 5Vv Mr. TrinmierV last |vi|)er on PoulJer<lars, *• Jbunud of the Geo- 
Ks;k'«1 JkK'Wtv,'* MdO'. li^'^ l>* 171. — W. S. 
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can bat reverse the prooess, by bringing them from a high 
level to a low. 

For the &cts and reasonings of Sir Charles Ljell on the 
•abject I mast refer you — as they are incapable of being 
abridged without being injured — to that portion of his 
first work of Travels in America which treats of the Cana- 
dian Lake District. But the following are his conclusions : 
"'JFirat^ he says, "the country acquired its present geo- 
graphical configuration, so far as relates to the older rocks, 
under the joint influence of elevating and denuding oper- 
ations. Secondly^ a gradual submergence then took place, 
bringing down each part of the land successively to the 
level of the waters, and then to a moderate depth below 
them. Large islands and bergs of floating ice came from 
the north, which, as they grounded on the coast and on 
shoals, pushed along all loose materials of sand and peb- 
bles, broke off all angular and projecting points of rock, 
and, when fragments of hard stone were frozen into their 
lower surfaces, scooped out grooves in the subjacent solid 
strata. Thirdlyy after the surfiice of the rocks had been 
smoothed and grated upon by the passage of innumerable 
icebergs, the clay, gravel, and sand of the Drift were de- 
posited; and occasionally fragments of rock, both large 
and small, which had been frozen into ^aciers, or taken 
up by coast-ice, were dropped here and there at random 
over the bottom of the ocean, wherever they happened to 
be detached from the melting ice. Jl^inaUy^ the period of 
reelevation arrived, or of that intermittent upward move- 
ment in which the old coast lines were excavated and the 
ancient sand bars or osars laid down." Such are the con- 
clusions at which Sir Charles Lyell arrived a few years 
since respecting the Canadian Lake District ; and he 
states, in the note to which I have refeiTcd, that he has 
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into our conntry, and now not very rare in our woods, has 
not been of itidigenous growth in any British forest since 
the times of the bouider-olay. Though the species con- 
tinned to live in Norway, it became extinct in Britain; 
and it has been suggested, that as it was during the Drift 
period that it disappeared, it may have owed its extirpa- 
tion to the depression of the land, while its contemporaries 
the birch and fir were preserved on our northern heights. 
When this Norwegian pine flourished in Britain, the island 
was inhabited by a group of quadrupeds now never seen 
associated, save perhaps in a menagerie. Mixed with the 
remains of animals still native to our country, such as the 
otter, the badger, and the red deer, there have been found 
skeletons of the Lagomy^ or tailless hare, now an inhab- 
itant of the cold heights of Siberia, and horns of the rein- 
deer, a species now restricted in Europe to northern 
Scandinavia, and those inhospitable tracts of western 
Russia that border on the Arctic Sea. And with these 
boreal forms there were associated, as shown by their bones 
and tusks, the elephant, the rhinoceros, and the hippopota- 
mus, — all, however, of extinct species, and fitted for liv- 
ing under widely different climatal conditions from those 
essential to the well-being of their intertropical congeners.^ 
Scotland, though it has proved much less rich than Eng- 
land in the remains of the early Pleistocene mammals, has 
furnished a few well-attested elephantine fossils. In the 
summer of 1821, in the course of cutting the Union Canal, 
there was found in the boulder-clay near Falkirk, on the 
Clifton Hall property, about twenty feet from the surface, 

1 The tme mammoth, with the tichorine rhinoceros and the mask bnf- 
&1o. are the leading types of the mammalian fanna of the Glacial Drift 
epoch. The remains of hij^fopotamus would bo washed oat of older beds. 
— W. 8. 
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a large portion of the tusk of an elephant, three feet three 
inches in length, and thirteen inches in circumference ; and 
such was its state of keeping when first laid open, that it 
was sold to an ivory-turner by the laborers that found it| 
and was not rescued from his hands until a portion of it 
had been cut up for chessmen. Two other elephants* 
tusks were found early in 1817, at Kilmaurs,^ in Ayrshirei 
on a property of the Earl of Eglinton, — one of them so 
sorely decayed that it could not be removed ; but a portion 
of the other, with the rescued portion of the Falkirk tusk, 
may be seen in the Museum of our Edinburgh University, 
which also contains, I may here mention, the horn of a 
rhinoceros, found at the bottom of a morass in Forfarshire, 
but which, 4n all probability, as it stands alone among the 
organisms of our mosses, had been washed out of some 
previously formed deposit of the Drift period. Scotland 
seems to have furnished several other specimens of ele- 
phantine remains; but as they were brought to light in 
ages in which comparative anatomy was unknoi^ni, and 
men believed that the human race had been of vast 
strength and stature in the primeval ages, but were fast 
sinking into dwarfs, they were regarded as the remains of 
giants. Some of the legends to which the bones of these 
supposed giants served to give rise in England, occupy a 
place in the firet chapter of the country's history, as told 
by the monkish chroniclers, and have their grotesque but 
widely-known memorials in Gog and Magog, the wooden 
giants of Guildhall : our Scottish legends of the same class 
are less famous; but to one of their number — charged 

1 At a later period (December 1829), similar elephantine tusks were 
found thirty-four feet beneath the surface, in boulder-clay overlying the 
quarry of Grcenhill, also in Kilmaurs parish; and they may now be seca 
in the Hnntcrian Museum, Glasgow. 
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with an argnment in behalf of the temperance cause of 
which our fiiends the teetotalers have not yet availed 
themselves — I may be permitted briefly to refer, in the 
words of one of oar elder historians. "In Murray land,^ 
Bays the believing Hector Boece, " is the Kirke of Pctte, 
qohare the bones of Litell Johne remainis in gret admira- 
tion of pepilL He hes bene fourtene feet of hicht, with 
squaire membres effering thairto. Six yeirs afore the 
coming of this work to licht (1520), we saw his henche 
bane, as meikle as the haill banes of ane manne ; for we 
schot our arme into the mouthe thairof ; be quhilk appeirs 
how Strang and squaire pepill greu in oure regeoun afore 
thay were eifeminat with lust and intemperance of mouthe.'' 
Under these pre-glacial forests of England there rests a 
marine deposit, rich in shells and quadrupedal remains, 
known as the Norwich or Mammaliferous Crag; and be- 
neath it, in turn, lie the Red and Coralline Crags, — mem- 
bers of the Pliocene period. In the Mammaliferous Crag 
there appear a few extinct shells, blent with shells still 
common on our coasts. In the Red Crag the number of 
extinct species greatly increases, rising, it is now estimated, 
to thirty per cent, of the whole ; while in the Coralline 
Crag the increase is greater still, the extinct shells averag- 
ing about forty per cent.* In these deposits some of our 
best known molluscs appear in creation for the first time. 
The common edible oyster ( Ostrea edulis) occurs in the 
Coralline Crag, but in no older formation, and with it the 
great pecten (Pecten maximus)^ the howe mussel {Modi- 
ala mdgaris)^ and the common whelk (Buccinum unda^ 
iW7i). Other equally well-known shells make their advent 

I The known species of shells in the Coralline Crag amount to three 
bnndred and forty. Of these, seventy-three are living Britbh species. 
See Woodward's " Manual," part iil. p. 421. — W. S. ^ 
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at a Htill later period ; the common massel (JtfytUus edur 
Ittt), the common periwinkle {Littorina liUorea)^ and, in 
liritain at least, the dog-whelk {Purpura lapiUtis)^ first 
ap[)ear in the overlying Red Crag, and are not known in 
the older Coralline formation. Bj a certain very extended 
poriod, represented by the Coralline Crag, the edible oyster 
Hceins to bo older than the edible mussel, and the common 
wlielk than the common periwinkle ; and I call yonr spe- 
cial attention to the fact, as representative of a numerous 
vUtHd of geological facts that bear on certsdn questions of 
a Hoiui-theological character, occasionally mooted in the 
ri'ligiourt periodicals of the day. There are few theolo- 
giniiH worthy of the name who now hold that the dednc- 
tioiiH of tlio geologists regarding the earth's antiquity are 
III vuriani'o with the statements of Scripture respecting 
its lirst creation, and subsequent preparation for man. 
Hut Hi>mo of them do seem to hold that the scheme of 
nuMMkeiliution, found sufiicient when this fact of the earth's 
antiquity w«m alnu>st the only one with which we had to 
grappUs Hhoulil bo deemed sufficient still, when science, in 
its iuiwunl progivss, hnK called on us to deal with this new 
tart i»f the vt»ry unequal antiquity of the plants and ani- 
nuilN Htill oontenqK>rary with man, and with the further 
fart, that not a few of them must have been living upon 
tho oarth tliousands of vears ere ho himself was ushered 
U|»i>n it, — facts of course wholly incompatible with any 
Hehenie of interpivtation that would fix the date of their 
lii'st appearance only a few natttrai days in advance of that 
of his t)wn. AVo have no jjood reason to hold that the 
human species existed upon earth during the times of the 
boulder-clay : such a belief would conflict, as shown by the 
anti(|uity of the ancient and existing coast lines, with our 
received chronologies of the race. But long previous to 
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these times, the Norwegian spruce pine and the Scotch fir 
were natives of the pre-glacial forests of our country ; at 
even an earlier period the common periwinkle and edible 
mussel lived in the seas of the Red Crag deposits ; and at 
a still earlier time, the great pecten, the whelk, and the 
ojster, in those of the Coralline Crag. We can now no 
more hold, as geologists, that the plants and animals of 
the existing creation came into being only a few hours 
or a few days previous to man, than that the world itself 
came into being only six thousand years ago ; and we do 
think we have reason to complain of theologians who, 
ignorant of the facts with which we have to deal, and in 
no way solicitous to acquaint themselves with them, set 
themselves coolly to criticize our V^ll-meant endeavors to 
reconcile the Scripture narrative of creation with the more 
recent findings of our science, and who pronounce them 
inadmissible, not because they do not efiect the desired 
reconciliation, but simply because they are n^w to theol- 
ogy. They should remember that the difficulty also is 
new to theology; that enigmas cannot be solved until 
they are first propounded ; that if the riddle be in reality 
a new one, the answer to it must of necessity be new like- 
wise ; and as this special riddle has been submitted to the 
geologists when the theologians were unaware of its exist- 
ence, it must not be held a legitimate objection, that geolo- 
gists, who feel that they possess, as responsible men, a stake 
in the question, should be the first to attempt solving it. 
I^ however, it be, as I suspect, with our facts, not with our 
schemes of reconciliation, that the quarrel in reality lies, 
— if it be, in particular, with the special fact of the une- 
qnal antiquity of the existing plants and animals, and the 
comparatively recent introduction of man, — I would fain 
urge the objectors to examine ere they decide, and not 

i 
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"■^ .' .spc XL jri»:nai«' i« ocnnmit theiiiMlves igaunst 
••1 .-rs- «:uua. rrtrj iLj iLTisi render more palpmble an<l 
*^ *«!.. oia 'irxic^ an d«s£iiM:*d koig u> onxlive all cavil and 

^ cu ^:s!:»er» -o iLe fisiiqaiTx of ojst race, 'we have, as I 

^^ = TUi'L rr> rv«>i gT-i-^ia-is i-rt lielievc liiat man existed 

U'ijh -1-= eiTiL JariD^ wiiat in Britain, and that portion 

'^ ^■'^^ »riilL.ect which lies nnder the same lines of lati- 

"-'I'l-T. -wc-ne the times of the boulder-clav and Drift gravels. 

N-^n^ of the haman remains yet found seem more ancient 

^uaa thi: historic i*eri^^l, in at least the older nations ; it is 

^'•^ L^rld that the fimoos skeletons of Goadalonpe be- 

-'-c^ i to men and women who must have lived since the 

^'?*.-'. vtrry of America by Columbas; and if in other parts 

-c *.:-c world iLtrre have been detected fragments of the 

-^-:ii>kn frame a.s*ociated with those of the long extinct 

a:::::i;iX tlicre is always reason to conclude that they owe 

* -i'-li i-roximity to that burying propensity to which I have 

lil ready a*l verted, or to accidents resulting from it, and not 

to any irnapnar}' circumstance of contenij:K)rarity of exist* 

^•nr-o. If man buries his dead in the Gault or the London 

^'lay, human remains will of course be found mingleil with 

those of the Gault or the London Clay; but the evidence 

funiis^hed bv anv such mixture will merelv scn'e to show, 

u^H that the existences to which the remains belonged had 

•i^od in the same age, but simjily that they had been 

d\»posiiod in the s;ime fonoation. Xor can I attach much 

^ -^luo to the supposeil historic reconls of countries such as 

Vii^xpl, in which dynasties are represented as having flour- 

•^-w^l thousands of years ere the era of Abraham. The 

\^»\MUclos o{ all nations have their flibulous introductory 

VvMtuMw No one now attaches any value to the record 

\^t the ci|;lH\ kings that are said to have reigned in Scot- 
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hnd between the times of Fei^s the First and Constan- 
tine the Bold ; or to that portion of old English history 
trhich treats of the dynasty of Brutus the Parricide, or , 
his wars with the giants. All the ancient histories have, 
as Buchanan tells us, in disposing of the English claims, 
their beginnings obscured by fable ; nor is it probable that 
the Egyptian history is an exception to all the others, or 
that its laboriously inscribed and painfully interpreted ■ 
hieroglyphics were more exclusively devoted to the re- 
cording of r«al events than characters simpler of fonn and 
easier of perusal. If, as some contend, man has been a 
denizen of this world for some ten or twelve thousand 
jears, what, I would ask, was he doing the first five or six 
thousand? It was held by Sir Isaac Newton, that the 
species must have been of recent introduction on earth, 
seeing that all the great human discoveries and inventions, 
such as letters, the principles of geometry and arithmetic, 
printing, and the mariner's compass, lie within the historic 
period. The mind of man could not, he inferred, have 
been very long at work, or, from its very constitution, it 
would have discovered and invented earlier ; and all his- * 
tory and all archaeological research bear out the inference 
of the philosopher. The older civilized nations lie all 
around the original centre of the race in Western Asia ; 
nor do we find any trace of a great city older than Nine- 
veh, or of a great kingdom that preceded in its rise that 
of Egypt. The average life of great nations does not 
exceed twelve, or at most fifteen, hundred years ; and the 
first great nations were, we find, living within the memory 
of letters. Geology, too, scarce less certainly than Reve- 
lation itself, testifies that the last-born of creation was 
man, and that his appearance on earth is one of the most 

9 ' 
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recent events of which it sabimts the memorials to its 
Totaries. 

But to xvtam: The glacial or ice period in Scotland 
seems to have extended from the times of the stratified 
beiK charged with suh-arctic shells, which nnderlie the 
1^>iildor-cIay« until the lan<l, its long^ period of depression 
over, was again riung, and had attained to an elevation 
le» bv oulv fiftv or a humlred feet than that which it at 

« « « 

pret^ent m:untains^ Such b the height over the sea-level, 
of the raised beach at Gamrie in Banfl&hire ; find in it the 
arv-tic $Iit.*lU Uist appear. And to the greatly-extended 
»aN<irvciv* perivxl in Scotland there belong a class of ap- 
jH'Ararvvv* which have been adduced in support of a glacial 
as v^pfHv^\l to an •'> Vry theory. But there is in reality no 
autAcv'fti<in :n tho o:u5o. After examioini; not a few of 
our UJ.i'".* iM'l c-ons^ osp^viallv tho->e on the north-western 
v\NV<^5 ot* ilu" v^H;••.:^y, I hive arrived at the conviction, 
tK.i; Svv;^Atvl h.vl a: ono time its glaciers, which, like those 
of U\\ \*' \ .iv-jwu lv\l aloaz its vallevss from its inland 
^\*^^:^ to t>.v' *cx Aroi as in most cases certain well- 
^tut^VxNV Avxv.'Vv."i:*;'r.or.:5 vt' the true clacier, such as those 
U;v*n; Ar.l :mr\s\c*"^!V r.xor:i:r.es of detached rock and 
j^m^vv :hi: AvV'-;rtx:;lAte Als^n^ their sivles and at their lower 
tvrttuttAtu^ws arv wantinc in Sv\>t!an»l. it is inferred that 
ijWv^t eurrx'itts must have swept over the country since the 
IH^rivsl of their existenew anvl either washed their moraines 
«^way« or so ahervvl their cltaraoter .nnd aj^pearance that 
ihev can K* no lon^^^r reo\hnu^e\l tw moraines. Of course, 
this sweeping prwvss might have taken place during that 
perivnl of pr\>found subsidence when the boulder-clay was 
fonueil, and in a [H>sterior perioil of more partial subsidence, 
which is held to have taken place at a later time and un- 
der milder climatal conditions, and which b s.iid to have 
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brought down the land to its present level from a considera- 
bly higher one. In many localities there rests over the true 
boulder-clay an argillaceous or gravelly deposit, in which 
the masses and fragments of rock are usually angular, bi>'^ 
"which, even where the houlder-clay is shell-bearing, coflr 
tains no shells. There are other localities in which a siu^ 
ilar deposit also underlies the boulder-clay; and these 
deposits, upper and lower, arc in all probability the debris 
of glaciers that existed in our country during the ice era, 
— the lower deposit being the debris of glaciers that had 
existed previous to the glacial period of subsidence, and 
the upper that of glaciers which had existed posterior to 
it, and when the land was rising. The evidence is, I think, 
conclusive, that glaciers there were. I examined, during 
the autumn of last year, the famous Glencoc, and can now 
entertain no more doubt that a glacier once descended 
along the bottom of that deep and rugged valley, filling it 
up from side to side to the depth of from a hundred and 
fifty to two hundred feet, than that an actual glacier de- 
scends at the present day along the valley of the Aar or 
of the Grindelwald. The higher precipices of Glencoe are 
among the most rugged in the kingdom : we reach a cer- 
tain level; and, though no change takes place in the qual- 
ity of the rock, all becomes rounded and smooth, through 
the agency, evidently, of the vanished ice river, whose old 
line of surface we can still point out from the continuous 
mark on the sides of precipices, beneath which all is smooth, 
and above which all is rugged, and whose scratch ings and 
groovings we can trace on the hard porjihyry descending 
towards the Atlantic, even beyond where the sea occupies 
the bottom of the valley. The lines and grooves running 
in a reverse direction to those of the icebergs, for their 
course is towards the west, are distinctly discernible as &r 
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down tis Dullaohalish ferry. Similar marks of a great glat^ 
cicr in tlie valley of the Garcioch have been carefully 
tniood ami shreu-dly interpreted by Mr. Charles McLaren. 
But nowhere have I seen the evidence of glacial action 
mi>re decided than in the Highlands of Sutherland, over 
which I travelled last August more than a hundred and 
fitly niile^* for the purpose of observation. There is scarce 
a valley in that wild region, whether it open towanls the 
northoni or western Atlantic, of upon the Grerman Ocean, 
that iu this ungenial period was not cumbered, like the 
valleys of the upper Alps, by its burden of slowly descend- 
ing ice. Save where, in a few localities on the lower slopes 
of tlie hills the true boulder-clay appears, almost all the 
subsoil of the ci^unlry, where it has a subsoil, is com{)Osed 
of a loose, unj^nvluctive glacial debris; almost every 
promiiuMice on tlie mountain-sides Is rounded bv the loner- 

I • o 

pn>tracted action of the ice; and in many instances the 
surt:»co< of the nvks boar the characteristic GToovinirs and 
s^^ratchiniT'i as vli>iinctly :is if it had pertbnned its work 
upon thciu but yeslenlay. Let me, however, repeat the 
remark, that the ioclnM-g and glacial theories, so far from 
Ivinc ant:\ironistic, ouviht nther to be n.*garded as equally 
iu'ii'ipcnsahle parts of one and the same theor\', — parts 
whicli, \>l\en sep:>nited, leave a vast amount of residual 
phenomena to pu.v.le and peq>lex, that we find fully ac- 
tvunted tor by their conjunction. And why not conjoin 
thcn\? The tact that more than four thousand square 
milc^ of the interior of Iceland are covered by glaciers, is 
in Uv* dc;nvc invalidated by the kindn^d fict that its shores 
«tv xivitovl cvcrv sprin*.; bv hunvlreds of thous:nuls of ice- 

Ih'V\> 

The v»l icicrs of Svvthind h:ive, like its icel>ergs contrib- 
Wled their \iiHtinctive ^uota to the scener}* of the country. 
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The smoothed and roanded prominences of the hills, bare 
and gray amid the scanty heath, and that often after a sad- 
den shower gleam bright to the sun, like the sides and 
bows of windward-beating vessels wet by the spray of a 
Bnmmer gale, form well-marked features in the landscapes 
of the north-western parts of Sutherland and Ross, espec- 
ially in the gneiss and quartz-rock districts. The lesser 
is^lets, too, of these tracts, whether they rise in some soli* 
tary lochan among the hills, or in some arm of the sea 
that deeply indents the coast, still bear the rounded form 
originally communicated by the ice, and in some instances 
remind the traveller of huge whales heaving their smoodi 
backs over the brine. Further, we not unfrequently see 
the general outline of the mountains affected ; — all their 
peaks and precipices curved backwards in the direction 
whence the glacier descended, and more angular and ab- 
rupt in the direction towards which it descended. But 
it is in those groups of miniature hills, composed of glacial 
debris, which so frequently throng the openings of our 
Highland valleys, and which Bums so graphically describes 
in a single line as 

" Hillocks dropt in Nature's careless haste," 

that perhaps the most pleasing remains of our ancient gla- 
ciers are to be found. They seem to be modified moraines, 
and usually affect regular forms, resembling in some in- 
stances the roofs of houses, and in some the bottoms of 
upturned slups; and, grouped thick together, and when 
umbrageous with the graceful birch, or waving from top to 
base with the liglit fronds of the lady-fern and the bracken, 
they often compose scenes of a soft and yet wild loveli- 
ness, from which the landscape gardener might be content 
to borrow, and which seem to have impressed in a very 

9« 
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eiiriv isre the Celtic imainaAtioQ. They constitnte the 
ciinr T'?mh:ins of Hltjfiilanii mythology ; and man j a cari- 
ous log^a«l still survives^ to tell of benighted travellers 
who* oa one certain night of the jear, of gho^j celebrity, 
have seen open do*>rj in their green sides, whence grieams 
oc dazzling light d^U on the thick tbliage beyond, and haye 
heart I voices of merriment and music resonnding from 
within: or whow mavhap^ incantionsly entering, have lis- 
t^aevi entranced to the song^ or stood witnessing the 
dance« natiL returning to the open air, they have found 
ccla: in wha( «eemeil a brief half hour half a lifetime had 
razsii^i away. There are tew of the remoter valleys of the 
Hlctili:'*'!* that have not their groaps of fidry TomhanSi 
— m^faio rills of :Iio a^^ of ice. 

At^cr :iie I:irj«e y:'Z i\c^< — b^it who can declare their 
a*j:Xi.lvr* — the p^r>'I • t' siLb^i- ionce represented by the 
KniMvTvI.iy o:ir.:r to a oI'.^?<e. ari'l a peri^xl of elevation 
fiicvxvv.ol. Tr.c *.i~ I Jvc^in to rise: and there is consid- 
<r.\>U= *?\:t**.: ot" siirorr.ci-u derosits in Scotland which we 
owv to :' :-< r^ri ^«l 'f tlevurion. It is the main object of 
:>s? •r:>-r;o":* w ^-k *:' Mr. Robert Chambers on Raised 
IxwoV^ :o s>»oxr :>.a: :!*.«: re were pauses in the elevatinsr 
pcwv^s. xl-.r. -^ w- :or. :>.o I:"os ag:unst which the waves 
K^; >«fcvrv V.o '.ow,»; ::;:o rvv::M::oar terraces^ much broken, 
i? :< :r.u\ Aul m.^US se:M.-t\:t;l in their parts, but that 
w\*:^dcr:;;"^ vorrvs^v:; I :n holch: over extensive areas. 
h >of vv:;t>5<» ♦v'' :v t \v<o:c^;, that the hi^rher and more 
*«o;o'o: :'.o sV,vh or tvrr.'.vW :r.o r.:ore must it be worn 
donn ^^ :^o ,w::or. of :ho c'cr.icr.ts^ osreciallv bv the 
d^^-tvv^^: of xka?crwu:>k's: anvi as the supj>osed beaches 
in*vti«\Nhito Iv^wovu tliO s:r\^::ir*vniarko'-l ancient coast 
*o\\o \\h',oh I ^Avc ;i:r\\^lv dcs<*HNHi a: such lenjith, and 
%vU.^ku U|^JHT Uucti tra^valxlo iu the moorland districts of 
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the coontiy, occur in an agricnltoral region, the obliterat- 
ing wear of the plough has been added to that of the cli- 
mate. After, however, all fair allowance^ have been made, 
there remain great difficulties in the way. I have been 
puzzled, for instance, by the fact that Scotland presents us 
with but two lines of water-worn caves, — that of the 
present coast line, and that of the old line immediately 
above it. Mr. Chambers enumerates no fewer than fifteen 
coast lines intermediate between the old coast line and a 
coast line about three hundred feet over it ; and in the 
range of granitic rocks which skirt on both sides the en- 
trance of the Cromarty Frith, there are precipices fully a 
hundred yards in height, and broadly exposed to the 
stormy north-east, whose bases bear their double lines of 
deeply-hollowed caverns. But they exhibit no third, or 
fourth, or fifth line of saves. Equally impressible through- 
out their entire extent of front, and with their inclosed 
masses of chloritic schist and their lines of fault as thickly 
set in their brows as in their bases, they yet present no 
upper stories of caves. Had the sea stood at the fifteen 
intermediate lines for periods at all equal in duration to 
those in which it has stood at the ancient or existing coast 
line, the taller precipices of the Cromarty Sutors would 
present their seventeen stories of excavations; and exca- 
vations in hard granitic gneiss that varied firom twenty to 
a hundred feet in depth would form marks at least as in- 
delible as parallel roads on the mountain sides, or mounds 
of gravel and debris overtopping inland plains, or rising 
over the coarse of rivers. The want of lines of caves 
higher than those of the ancient coast line would seem to 
indicate, that though the sea may have remained long 
enough at the various upper levels to leave its mark on 
soft, impressible materials, it did not remain long enough 
to excavate into cavema the solid rocks. 
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But though the rise of the land may have been compar- 
atively nipiii, there was quite time enough during the term 
of u[>heaval for a series of processes that have given con- 
siderable vanoty to the subsoils of our coantiy. Had the 
l:md been elevated at one stride, almost the only subsoil 
of what we recognize as the agricultnnJ region of Scot- 
land would have been the boulder-clay, here and there 
curiously inlaid with irregular patches of sand and graTel, 
which occur occasionally throughout its entire thicknesa, 
and which were probably deposited in the forming mass by 
ic«N:'n7k laftien at the bottom with the sand and stones of 

$<^me sea-boach« on which thev had lain frozen until floated 

• 

of with their burdens» by the tide. But there elapsed 

time t'nou^h« during the upheaval of the land, to bring its 
K^ttUicr-cl.iy iloposits piecemeal under the action of the 
;iviv* A:ui wikves: and hence, apparently, the origin of not 
a 6:w v^f vn;r lichtor sub^^iU- Wherever the waves act at 
the ['rv<<"r.: t::v.e upon a front of clay, we see a separation 
ot" ::s rATts tAitir^g place. It* finer argillaceous particles 
*rv- :^K\v:v>i orf to sea, to be depomed in the outer depths ; 
;:s ATvr.wvv^-.;> i>Ar;;v*lc'> settle into sand-beds a little adown 
:J»o Iv.vh : ;;? p^^bMes and boulders form a surface stratum 
ot* s:.^:u's sud :rravei. extending: from the base of the scaur 
to ^!;cre the surt* breaks at the half-tide line. We may 
*\v a siiuiliir prvHH?ss of separation going on in ravines of 
0\o lvulder-v*iay swept by a streamlet. After every shower 
tho strvwni couios down brown and turlud with the more 
ar>:in:uxHM\s |H^rtions of the deposit; accumulations of 
siuul ar\^ swept to the gorge of the ravine, or cast down in 
ripplo-"^-*rkod |>;itchos iu its deeper pools; beils of pebbles 
Hud ):r:n ol are hoajKvl up in every inllection of its banks ; 
t^n^l IvMiUloi-s an^ laid Imix^ along its siiles. Now, a separa- 
tion b\ a svU't v^f wa«hin^ process of an analogous charac- 
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ter seems to have taken place in the materials of the more 
exposed portions of the boolder-claj, daring the emergence 
of the hmd ; and hence, apparently, those extensive beds 
Off sand and gravel which in so many parts of the kingdom 
exist in relation to the clay as a superior or upper subsoil ; 
hence, too, occasional beds of a purer clay than that be- 
' neath, divested of a considerable portion of its arenaceous 
components, and of almost all its pebbles and boulders. 
This washed clay — a re-formation of the boulder deposit 

— cast down mostly in insulated beds in quiet localities, 
irhere the absence of currents suffered the purer particles, 
held in suspension by the water, to settle, forms, in Scot- 
land at least, — with, of course, the exception of the ancient 
fire-clays of the Coal Measures, — the true brick and tile 
clays of the agriculturist and architect. There are exten- 
sive beds of this washed clay within a short distance of 
Edinburgh; and you might find it no uninteresting em- 
ployment to compare them, in a leisure hour, with the 
Tery dissimilar boulder-clays over which they rest. Unlike 
the latter, they are finely laminated : in the brick beds of 
Portobello I have seen thin streaks of coal-dust, and occa- 
sionally of sand, occurring between the layers ; but it is 
rare indeed to find in them a single pebble. They are the 
washings, in all likelihood, of those boulder-clays which 
rise high on the northern flanks of the Pentlands, and 
occur in the long, flat valley along which the Edinburgh 
and Glasgow Railway runs, — washings detached by the 
waves when the land was rising, and which, carried towards 
the east by the westward current, were quietly deposited 
in the lee of Arthur Seat and the neighboring eminences, 

— at that time a small group of islands. The only shells 
I ever detected in the brick-clay of Scotland occurred in a 
deposit in the neighborhood of St. Andrew's, of appar- 
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critl V x}j/t uttiirt- wt i» ::[ia betls at PortobeHo.^ They were 
in a \kuI v^ua^ uf kMcintr- but I soeceeded in identifying 
oiMf of the fiUTul^er iki & deep-«ea Balanos, still thrown 
iinliont ill vouMhrMe quantity among the rocks to the 
until It <ii' St. Aticlrew'a. In thia St. Ambrew^s deposit, too, 
1 toiiiMl till) ino8t modem nodules I have yet seen in Scot- 
luul» t\ir thi^y had evidently been hardened into stone dur> 
ui,v; i)io rwi'iit i>eriod; but, though I laid them open by 
!n>.»t v^s I (iM\K\\ to detect in them anything organic. Sim- 
ilar iKH.luk'H of the Drift; period, not unfrequent in Canada 
:«iiJ Uio r lilted States, are remaduible for occasionally 
c\»iii:tiiiihg the only ichthyolitc found by AgassLz among 
Hc\i*iitvcu hundred species, which still continues to live, 
uii«l that can be exhibited, in consequence, in duplicate 
N|K*ciinons, — the one fit for the table in the character of a 
palataMo viand, — the other for the shelves of a geological 
iiiusoutn in the character of a curious icluhyolite. It is 
tlio Maliofus villosuSy or Capclan (for such b its market- 
nnino), a little fish of the arctic and semi-arctic seas. "The 
Mtflofus is abundant," says Mr. James Wilson, in his ad- 
mirablo ** Treatise on Fishes," "in tlie arctic seas, where 
it i>» taken in immense profusion when approaching the 
ooasts to spawn, and is used as the principal bait for cod. 
A lew nri^ curvd and brought to this country in barrels, 
whoix' thcv aiv sold, and used as a relisli by the curious in 

Lot mo next call your attention to the importance, in an 
vconotuto point ot* view, of the groat geologic events which 
t» »>o to our country its subsoils, more especially the bouU 
yW\ Aw TluH deposit varies in value, according to the 
intme ol* ih\» rocks out ot* which it was formed; but it is, 
^»>»'U >\heie \\\\s[ iWuWy a better subsoil than the rock 

t S\v Nv>tv ut tho ciul of the Lectures. 



LECTURES 0:r GEOLOGY. 107 

itself woald have been ; and in many a district it fbrnishes 
our heaviest wheat soils. To the sand and gravel formed 
oat of it, and spread partially over it, we owe a class of 
soils generally light, but kindly ; and the brick clays are 
not only of considerable valae in themselves, but of such 
excellence as a subsoil, that the land which overlies them 
in the neighborhood of Edinburgh still lets at from four 
to five pounds per acre. I suspect that, in order to be 
fiilly able to estimate the value of a subsoil, one would 
need to remove to those rocky lands of the south that 
seem doomed to hopeless barrenness for want of one. It 
is but a tedious process through which the minute lichen 
or dwarfish moss, settling on a surface of naked stone, 
forms, in the course of ages, a soil for plants of greater 
balk and a higher order; and had Scotland been left to 
the exclusive operation of this slow agent, it would be still 
a rocky desert, with perhaps here and there a strip of allu- 
vial meadow by the side of a stream, and here and there 
an insulated patch of mossy soil among the hollows of the 
crags ; but, though it might possess its few gardens for the 
spade, it would have no fields for the plough. We owe 
our arable land to that geologic agent which, grinding 
down, as in a mill, the upper layers of the surface rocks of 
the kingdom, and then spreading over the eroded strata 
their own debris, formed the general basis in which the 
first vegetation took root, and in the course of years com- 
posed the vegetable mould. A foundering land under a 
severe sky, beaten by tempests and lashed by tides, with 
glaciers half choking up its cheerless valleys, and with 
countless icebergs brushing its coasts and grating over its 
shallows, would have seemed a melancholy and hopeless 
object to human eye, had there been human eyes to look 
upon it at the time ; and yet such seem to have been the 
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circumstances in which our conntrj was placed by ffim 
who, to "perform his wonders,** 

" Plants his footsteps in the sea. 
And rides apon the storm/' 

in order that at the appointed period it might, according 
to the poet, be a land 

" Made blithe by plough and harrow." 

From the boulder-claj there is a natural transition to the 
boulders themselves, from which the deposit derives its 
name. These remarkable travelled stones seem, from the 
old traditions connected with some of them, to have awak- 
" ened attention and excited wonder at an early period, long 
ere Geology was known as a science ; nor are they without 
their share of picturesqueness in certain situations. You 
will pei'haps remember how frequently, and with what 
variety of aspect, Bewick, the greatest of wood engravers, 
used to introduce them into the backgrounds of his vig- 
nettes. " A rural scene is never perfect," says Shenstone, a 
poet of no very large calibre, but the greatest of landscape 
gardeners, " without the addition of some kind of building : 
I have, however, known," he adds, " a scaur of rock in 
great measure supplying the deficiency." And the justice 
of the poet's canon may be often seen exemplified in those 
more recluse districts of the country which border on the 
Highlands, and where a huge rock-like boulder, roughened 
by mosses and lichens, may be seen giving animation and 
cheerfulness to the wild solitude of a deep forest-glade, or 
to some bosky inflection of bank waving with birch and 
hazel on the side of some lonely tarn or haunted streamlet. 
Even on a dark, sterile moor, where the pale lichen springs 
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up among the stunted heath, and the hairy club-moss goes 
creeping among the stones, some vast boulder, rising gray 
amid the waste, gives to the fatigued eye a reposing point, 
on which it can rest for a time, and then let itself out on 
the expanse around. Bouldernstones are still very abun- 
dant in Scotland, though for the last century they have 
been gradually disappearing from the more cultivated 
tracts where there were fences or farm steadings to be 
built, or where they obstructed the course of the plough. 
We find them occurring in every conceivable situation: 
high on hill-sides, where the shepherd crouches beside them 
for shelter m a shower ; deep in the open sea, where they 
entangle the nets of the fisherman on his fishing banks ; on 
inland moors, where in some remote age they were labori- 
ously rolled together to fornwthe Druidical circle or Pict's 
House ; or on the margin of the coast, where they had been 
piled over one another at a later time, as protecting bul- 
warks against the waves. They are no longer to be seen in 
this neighborhood in what we may term the agricultural 
region; but they still occur in great numbers a^ong the 
coast, within the belt that intervenes between high and low 
water, and on an upper moorland zone over which the 
plough has not yet passed. Mr. Charles McLaren describes, 
in his admirable little work on " The Geology of Fife and 
the Lothians,'' a boulder of mica schist weighing from eight 
to ten tons, which rests, among many others, on one of the 
Pentland Hills, and which derives an interest from the fact 
that, as shown by the quality of the rock, the nearest point 
fiom which it could have come is at least fifty miles away. 
A well-known greenstone boulder of still larger size may be 
seen at the line of half-ebb, about half-way between Leith 
and Portobello. But though about ten feet in height, it is 
a small stone, compared with others of its class both in this 
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crnnnry nsc tbf Cuuiineu L. Tiie rf»siu v it k wA tanned 
f fir n If L nuiK of crsnixt 'vei^mir fifteen Inrndied tons), 
CffL vSu'A iiK eiuiiaBUL icjsim- of Peter ii»e Great at St. 
F^fS^Tx'iiirr » i*iftrM. it & mrrfsDed bcmldav vincfc was 
Jumic di«<K*'j!in«ed ^nz. 'Pr^enr tniier fO-one cf hs^ knd in the 
anid iit '.<f & 3Dara» : aaic Sir Rc»denci Mmr^Dfini dea c ri b ca , 
xc inrt^ c^ Ilk |im«erY on liic- Xanbcni I>nil. a SeandiiiaTiaii 
bciiJS^' iiiinx iM xc bnsin \^ eoie Imxlmd and ferly in 
<£jyirn"fereif«L M oc^L if iKn al liie bov^den wiiidi we Bnd 
la tllf pun c^ tbc* <oi3]i;nr <« ibe lo^wer acne, bare been 
waKifrl <«nt <^ tbe bofti-ier-eiaj. Wbererer we find n 
jT^r^p '''^ bcnsvien od tbe pcpinaoQ of sea-bonom uncovered 
Ut tL«r erAi. we bare bat v& loot at tbe line wbeie tlie soif 
hmik^ wL*-i tLe k^ i« at foil asd ibere we find the clay 
it«^!£ with i*.* Lilf-Tin covered bc^nZders pix»jecting fix>m its 
yM'liTi'^ •fid'rs. af'j«arent]T as freshly grooved and scratched 
a« if th'r trtn«[^jrtLDg iceberg h^i been at work upon them, 
but vcfttt^flav. 

I inu«t a^in addace the evidence of Sir Charles Lycll, 
Ut hhow that maRMfS of this character are frequently ice- 
iKime. ** In the river St. Lawrence,'' we find him stating in 
hiH ** EhfmcntH," ** the loose ice accumulates on the shoals 
during the winter, at which season the water is low. The 
f(e|>arat<! fn^^ents of ice are readily frozen together in a 
cVimnUi where the temperature is sometimes thirty degrees 
\mlow zero, and boulders become entangled with them ; so 
that ill Hpring, when the river rises on the melting of the 
Hiiovv, the i(;e is floated ofl^ frequently conveying the bould- 
erH to ^reai diHtanccs. A single block of granite fifteen 
fet^t h>fi^ by ten feet both in brc.idth and height, and which 
could not contain Ichh than fifteen hundred cubic feet of 
Htone, waH in tliis way moved down the river several hun- 
dred yards, during the late survey in 1837. Heavy anchors 
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of ships lying on the shore have in like manner been closed 
in and removed. In October 1808 wooden stakes wei*e 
driven several feet into the ground at one part of the banks 
of the St. Lawrence at high-water mark, and over them 
were piled many boulders as large as the united force of six 
men could rolL The year after, all the boulders had dis- 
appeared, and others had arrived, and the stakes had been 
drawn out and carried away by the ice." 

Our Scottish boulders — though in many instances im- 
mediately associated, as in this neighborhood, with the 
boulder-clay, and in many others, as in our moorland dis- 
tricts, with the bare rock — occur in some cases associated 
with the superficial sands and gravels, and rest upon or 
over these. And in these last instances they must have 
been the subjects of a course of ice-borne voyagings subse- 
quent to the earlier course, and when the land was rising. 
Even during the last sixty yeai's, though our winters are 
now far from severe, there have been instances in Scotland 
of the transport of huge stones by the agency of ice ; and 
to two of these, as of a character suited to throw some 
light on the boulder voyagings of the remote past, I must 
be permitted to refer. 

Some of my audience may have heard of a boulder well 
known on both sides of the Moray Frith as the " Travelled 
Stone of Petty," — a district which includes the Moor of 
Cnlloden, and at whose parish church Hector Boece saw 
the gigantic bones of the colossal Little John. The Clach 
dhu n-Abatiy or black stone of the white bog, — for such is 
the graphically descriptive Gaelic name of the moss, — 
measures about six feet in height by from six to seven feet 
in breadth and thickness, and served, up to the 19th of 
February 1799, as a march-stone between the properties of 
Castle Stuart and Culloden. It lay just within flood- 
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mnrk, near where a little stream empties ita^ into m ahallo w 
sand J bay. There had been a seTere, long-condnoed frost 
throaghoat the eorlj part of the month ; and the upper 
portion:} of the bar had acquired, mainlj through the 
agencT of the streamlet, a continoous corenng of ice, that 
had attaineii, roond the base of the stone, which it clasped 
£istf a thickness of eighteen indiea. On the night of the 
l^h the tide rose nnusoallj high on the beach, and there 
broke oat a violent hurricane from the east-sonth-easti ac- 
companied bjT a snow-storm. There is a meal mill in the 
immediate Dcighborhood of the ^one ; and when the old 
miller — as he related the story to the late Sir Thcmias Dick 
Laader — got up on the monung of the 20th, so violent 
was the storm, and so hoge the snow-wreaths that blocked 
Dp every window and door, and rose over the eaves, that he 
could hardly make his way to his bams, — a journey of but 
a few yards ; and in returning again from them to his dwell- 
ing, be narrowly escaped losing himself in the drift. In 
looking towards the bay, in one of the pauses of the storm, 
he could scarce credit his eyesight : the immense Clach du 
n-Aban had disappeared, — vanished, — gone clean off the 
ground; and be called to his wife in astonishment and 
alarm, that the '^meikle stane was awa." The honest 
woman looked out, and then rubbed her eyes, as if to verify 
their evidence; but the ^t was unquestionable, — the 
" meiklc stane ^ certainly " was awa ; ^ and there remained 
but a hollow pit in the sand, with a long, shallow furrow, 
stretching from the pit outwards to where the snow rhime 
closed thick over the sea, to mark where it had been. 
When, however, the weather cleared up, the stone again 
became visible, lying out in the sands uncovered by the ebb, 
seven hundred and eighty feet from its former position. In 
the evening of the day, the neighbors flocked out by 



LECTURES 05 GEOLOGY. 118 

scores to examine the scene of so extraordinary a prodigy. 
Where the stone had lain they found but the deep dent 
connected by the furrow which lay athwart the bay in the 
line of the hurricane, with the stone itself around the base 
of which there still projected a thick cornice of ice. In its 
new position the stone still lies; and only a few years ago 
— mayhap, still — a wooden post which marked the point, 
where the two contiguous properties met, marked also the 
spot from which, after a rest of ages, it had set out on its 
short voyage. 

My other case of boulder travelling — in some respects 
a more curious case than the one related — occurred early 
in the present century on the eastern coast of Sutherland- 
shire. Near the small hamlet of Torribal, in the upper part 
of Loch Fleet, there stood, about fifly years ago, a rude 
obelisk of undressed stone, generally regarded as Danish, 
which, though more ancient than authentic history, or even 
tradition, in the district, was less so than the old coast line, 
as it had been evidently erected, subsequent to the last 
change of level, on the flat marginal strip which intervenes 
between the old line and the sea. It rose in the middle of 
a swampy hollow, which protracted rains sometimes con- 
verted into a strip of water, and which was sometimes 
swept by the overflowings of the neighboring river. On 
the eve of the incident which proved the terminating one 
in its history, the hollow, previously filled with rain-water, 
had been frozen to the bottom by a continued frost, which 
was, however, on the eve of breaking up ; and a dense fog 
lay thick in the valley, when a benighted Highlander, re- 
turning tipsy from a market by the light of the moon, came 
staggering in the direction of the standing stone, and in a 
drunken frolic set his bonnet on the top of it ; and then 
wandering off into the mist, he lost sight of both stone and 
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' -» 1 i" ** ^'»l'ng to regain them, he hod to retam bare- 
it'* "> hta houte. The thaw came on ; the river rose 
,v*^' «8 twmka ; the ice-cake around the obeliak floated high 
jbovc tUc Wvel, wrcudiLng up the obelisk along with i^ ai 
lb« "* ***■ t»»e St, Lawrence wrenched up the stakes de- 
f».n*""^ by Sir Charies Lyell; and both ice-cake and obeliak 
a^vtUHl down the loch to the sea. As the morning brake — » 
fion-o moTOiog of flood and tempest — they were seen paa»- 
iwsi what some forty }-ean ago was known as the Little 
Forn' ; and the alum went abroad along the shores on both 
MdcA. ih^t there was a man standing in the middle of the 
L>vh <.<» (he floating ice, and in coune of being swept ont 
to ihe t.>*van. Poor man ! he had been crossing the river, 
it WiW inti.>irrv\1, when the ice broke up ; and though the en- 
tei-i«ri«' was a sowu-whal perilmis one, for the iee fr^:ments 
vier»> rusliiui; furiously along on the wild tides of the loch, 
wa>UWut<\l by the inundation, a boat, double manned, shot 
t.tut liviu (he shere to the reseue, and soon nearcd the drift- 
iuj; ie^srtiH'. It wa* ultimately seen, however, that the 
si)]>l<\<s«st man w:t» but a Danish obelisk, bearing on its head 
a my»terie»» Kninet ; and bonnet and obeliak were left to 
tiiivl thi-ir way to the German Ocean, in which it is proba- 
ble ihcy now both lie. These minlern instances of boulder 
travvltinj; may wrve to show how huge stones originally 
HsswiatiHt with the bi>ulder-<-l:iy may have come to rest 
on the aix'uaceous or gravelly \K'[Hisits which overlie it. 
Through the »t.'t.Mnd voyage of the Tetty boulder, it was 
*le)iosited ou a ivceutly lonued b*.-v1 of sand ; and the stand- 
ing-stone of Torribal may uow rest on sea-shells that were 
living half a cvulurj- ago. 

It is held by geoK^sts of high standing, that after the 
IH'riod of suhmergi'nce rei>re«.'nted by the bonlder-clays of 
our conntrv, the Briti:ih islands were elevated to such • 
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height over the sea-level, that their distinctive character as 
islands was lost, and the area which they occupy united to 
the main land in the character of a western prolongation 
of the great European continent. It was at this period, 
says Professor Edward Forhes, that Britain and Ireland 
received, over the upraised bed of the German Ocean, their 
Germanic flora, — the last acquired of the five floras which 
compose their vegetation. The evidence on the point, 
however, still seems somewhat meagre. I can have no 
doubt that the land stood considerably higher during this 
Post-Tertiary period than it does now. As shown by the 
dressed surfaces and rounded forms of many of the smaller 
islets of the north-western coasts of Scotland, and the 
markings at the bottom of its lochs and estuaries, and on 
the rocks along their shores, the latter glaciers must have 
descended from the central hills of the country far below 
the present sea-level ; and we find some of the transverse 
moraines which they ploughed up before them in their 
descent existing as gravelly spits, that rise amid the waves, 
in the middle of long friths or at the entrance of deep bays. 
I have seen, too, on rocky coasts, considerably below the 
tide-line at flood, a sort of recent breccia formed by cal- 
careous springs, which, as the stalagmitical matter could 
not have been deposited in places exposed to the diurnal 
washings of the sea, indicated a higher level of the land 
than now, at the time of its formation ; and the submerged 
mosses of both Britain and Ireland — mosses now existing 
in many localities far below the fall of the tide — bear evi- 
dence, where not more ancient than the boulder-clay, in the 
same line. But on this obscure passage in the geological 
history of our country I am unable, from at least actual 
observation, to say aught more : my few facts lie in the 
direction of Professor Forbes's theory, but they accompany 
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: ::■ ":- irr. ■! >":."'*;: 1*1 on our hill-tojis, than 

.'..::'.'' '.^s.'iT: il;^.:> :f >or.ie of its animals 

..- >: :.^ i: >:•: r..> :.: f.>: a ounous problem, 

^■. . :^ :. . : t. "./v s: . r.r:.:*:- : mountain sum- 

■ <>.>- :: : >.:..: :..•.: •. : ..r:N. — thnt the sum- 

- ;.: '. I"..: I., r.. r. "1. :Vr iii>t:inoe, or of 

"v : M .. : "'- - >■ ■'.• '. h:ivt" tlioir species 

■ : :- •: : ::>r.: :::T'v:»rs on the lower 

* .. -. :•.■.: >::. : '.:rf> :'.o cr^f-o to conceive 

• - ..- ■.■-. ^•■"•.i-i'C ^VoriLr'.nes of the 

.... ..:.:... ::.v..si.r. :o <l:olttr in its 

-. ■ ^ ^ ■ . -. :': . T, ::.:cr>"'^"'^'> 'i^'iTtT un wasted 
. . i .--.-.ri. :> i.lwr.vs l:itlen with the 

^ '. •.-.rl.-:. Tiit y ooni}»ose the Celtic 

>,-. ".: ^:. :\ r.*. o.^-ja-i up in their mountain 

;" .- ./:.:v.-:r.:s of those Gennanic races 

^ :': . : r.v^'.;r:sh, in the altered atnios- 

V ^\' ".i.- ' ."i"* ^^J" ^^^^ country, or on tlie 

:> ,■^\«.r :.:!!>. That language of llowei*s 

: X '■ 'Xl * ;r.v.*uodan countries have learned 

i> lu*; uua; : ropriately employed in giving 
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ox]»ression to tlie various mo.los of a i)nssion scarce less 
evanescent than the flowers themselves. But is it not 
passing strange, that we of Scotland should be called on 
to recognize in the transitory flow^ers of our sheltered 
low-lying plains and valleys, and of our high, bleak moors 
and exposed mountain summits, the records of an antiq- 
uity so remote, that the stories told by the half-effaced 
hieroglyphics of Nineveh and of Egypt are of yesterday in 
comparison ? 

Here the exhibition of our facts illustrative of the Pleis- 
tocene and Post-Tertiary periods in Scotland properly 
ends. The existing evidence has been taken, though, of 
course, briefly and imperfectly, the extent and multiplicity 
of the subject considered ; and, the record closed, a formal 
summary of the conclusions founded upon it should now 
terminate our history. Permit me, however, to present 
you, in conclusion, not with the formal summary, but a 
somewhat extended picture, of the whole, exhibited, pan- 
orama-like, as a series of scenes. The fine passage in the 
Autumn of Thomson, in which the poet lays all Scotland 
at once upon the canvas, and surveys it at a glance, must 
be familiar to you all : 



t€ 



Here awhile the Mnse, 
Hi^h hovering? o'er the broad cerulean scene. 
Sees Caledonia in romantic view; 
Her airy mountains, from the waving main. 
Invested with a keen diflfusive sky. 
Breathing the soul acute; her forests huge, 
Incult, robust, and tall, by Nature's hand 
Planted of old ; her azure lakes between. 
Poured out extensive, and of watery wealth 
Full; winding deep and green, her fertile vales, 
With many a cool, translucent, brimming flood 
Wash'd lovely, from the Tweed (pure parent stream. 
Whose pastoral banks first heard my Doric roed. 



I 
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With, stItu Jed, tfaj tribotBT biook). 

To wbere the North'* inflated tempest foaam 

O'er Orciu or Becibffiiin'« higfaiisfi 



Let OS in like manner attempt oiling up the featof ei of 
oar coontrr in one continooos landscape, as they ^)pearecl 
ac chie commencement of the glacial period, just aa the 
van:xT>sm of depre«on had come on, and hi^d headland 
ami :st«Kp iroo-boond islet had began slowlj to settle into 

T^iRf ^menl ootline is that <^ Scotland, thoogfa harsher 
JOfL 3ii:r« rauiged than now, for it lacks the softening in- 
t^^rxznea; of the soImoiIs. Yonder are the Grampians, and 
^'a»:<r :ie CheTioCd^ and, deeply indenting the shores^ yon- 
Ctfc ar* :ii^ woll-known estuaries and bays, — the friths of 
F 'r:x T15. ind Moray, and the lon^j withdrawing lakes, 
Levi K.'.:r.-^. an 1 Lxh Awe, and Looh Moree, and the 
^i;>.-'.,faii.r'- witcr* oc the deep Caledooian Valley, the 
X-r*«8v ir«l :i^ !>.'••>- mi the Loch v. But thouo^h the sum- 
7KC «:r. A.vi5 dowa u>?a the scene, the snow-line de- 
^•v'T.> "r^'SvAii :i^ :oo ot evra our second-class mountains; 
fcT ; : i< :^- Sx:!.?:: IW:i Xevis^ and graceful Ben Lomond, 
j.r.-: :*>5 V-MKi-i-oti^-i Bor. Muioh DhuL glitter in the snn- 
-^ ^. -1 ->,i.- vv»i:s v^:\:iEdi.nz white, from their summiu 
W.:-wx^ .x'vt: :o :h*:r Kiso^ There are extended forests 
*'<';Sr r*:i*v f»r vxr. :he lower plains, mingled with the slim- 
rvv ivr^s *r. I r.;or\:- rloh.y-tinto^l tolioge of the spmce 
r<v\\ vVt :>.o irjHvr grv^ur.!?^ thickets of stunted willows 
A:ts; s:rxc5r>.v.^ N:'»** ''*^* v::n\:rra::ve birches skirt the ravines 
v/oX m :i;cr^x»«rsc^ and yellow mosses and graj lichens 
^>r**\ :V stAj\t> vVXA-ring of the humbler hill-sides and the 
tunvr*. Uiit the distinctive feature of the countrj' is its 
^* %v'w»^ Ki\l bv iho |vr|H*tual snows of the upper heights, 
i>Kvd\v|vr vollcjs aiuo«5 the mountains have their rigid 
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ice-rivers, that iD the narrower friths and lochs of the 
western and northern coasts shoot far out, mole-like, into 
the tide. And, lo ! alon^ the shores, in sounds and bays 
never yet ploughed by the keel of voyager, vast groups 
of icebergs, that gleam white to the sun, like the sails of 
distant fleets, lie moveless in the calm, or drifl slowly along 
in rippling tideways. Nor is the land without its inhabi- 
tants, though man has not yet appeared. The colossal 
elephant, not naked and dingy of coat, like his congener of 
the tropics, but shaggy, with long red hair, browses among 
the woods. There is a strong-limbed rhinoceros wallow- 
ing in yonder swamp, and a herd of reindeer cropping the 
moss high on the hill-side beyond. The morse is basking 
on that half-tide skerry; and a wolf, swept seawards by 
the current, howls loud in terror from yonder dritling ice- 
floe. We have looked abroad on our future country in the 
period of the first local glaciers, ere the submergence of 
the land. 

Ages pass, and usher in the succeeding period of the 
boulder-clay. The prospect, no longer that of a continu- 
ous land, presents us with a wintry archipelago of islands, 
broken into three groups by two deep ocean-sounds,— 
the ocean-sound of the great Caledonian Valley, and that 
of the broader but shallower valley which stretches across 
the island from the Clyde to the Forth. We stand full in 
front of one of these vast ocean-rivers, — the southern one. 
There are snow-enwrapped islets on either side. Can yon- 
der thickly-set cluster be the half-submerged Pentlands? 
and yonder pair of islets, connected by a low, flat neck, the 
eastern and western Lomonds ? and yonder half-tide rock, 
blackened with algse, and around which a shoal of porpoises 
are gamboling, the summit of Arthur Seat ? The wide 
sound, now a rich agricultural valley, is here studded by 
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i:s t'oots of t;ill icebergs^ — there cumbered by its level 
itiMs of driA ice. Xatare sports wantonly amid every 
v:;r!c ry of form ; and the motion of the great floaUng 
mAssH'^^ oast into shapes with which we associate moveless 
js^'lUIity. :iilds to the magical effect of the scene. Here a 
fi.;;-rvv:V\l tomple, surrounded by colonnades of hoar and 
v.i>:c\; vvlumns« comes drifting past; there a cathedral, 
t/.r;: :>:;<<: with tower? and spire, strikes heavily against the 
r.v*x\ lv::oBU many £ithoms beneath, and its nodding pin- 
r.'..\s sivvn^ at every blow. Yonder, already £ist aground, 
:* vTv rv>:* a jvndorv>us castle, with its curtained towers, 
::s 'Tx-t.^xi gntoway^ and its multitudinous turrets, reflected 
%v: :V.o oA'm surt':io« beneath ; and pyramids and obelisks, 
V:i::rvvi<\i mn:i\iirts» and embrazured watch-towers, with 
s^ Ayv< >:;". :r.ore f:i:i:;i>::o, — those of ships, and trees, and 
V* u* .^." I ". .;:v.\:; tVrr.^sv — or\>wd the retiring: vLsta bevond. 
T'<*v -^ A ?^\-.rvV '.^-sci m;irko'l varietv of color. The in- 

m 

;c">i.' w ■ .%* ,:' tht* r^* v-uv, tLinly covered with snow, and 
j:".,..' -^ >».:*;.■;:: i^h.'.vie ::i the declining sun, dazzles the 

V ^ V V V :,\ y. c T : xV Iv res c*^^" -•^^ in h ues of more softened 
^. ■.■:,\\ — *.-v V f ir. cr.u-nklvl gr^en, there of a sapphire 

V .x\ Xs*'\.;xr x*f A tv/.y ::;irMe jrray ; the light, polarized 
Vx ^ ;>.x* -;<;:;,; crvvsii T\::iv-:;c-ns* sjv»rts amid the planes and 
t^xxN -.s. ;>c rssur\-s a:u; j;:"uioIe:i;* in all the rainbow gor- 
s^w :vro>* o:' ;ho i^ns :„^:;o h;u>*. And brisrht over all rise' 

X * ^ 

kv», ;*'.o a.s:,^::; hv-r::or. ;ho doUiohovl mountain-tops, now 
v\>u ',:.';: A :^,:>h o:' irl:r.<^^:i a:ui gv^kl from the setting lumi- 
n^»\. Iv;! :V.o sun s::rks^ ar.vl the clouds gather, and the 
wxi^K; xvv,u>s o!x M,;ok wl;h lesnjvsi : .-md the grounded 
m;wos i^u^\KM by the vio\'u<v of the arx>used winds, grate 
iu\*\i!\ .hU^hj: the K^tsom : and while the whole heavens 
^^iv K*\il wuh sUvt snd snow-raok, anvl the driving masses 
vIa»1i iu r\uU» vvUi^aoUv till all beneath is one wide stun- 
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ning roar, the tortured sea boils and dashes around them, 
turbid with the comminuted debris of the fretted rocks 
below. 

The vision belongs to an early age of the boulder-clay : 
it changes to a later time ; and the same sea spreads out 
as before, laden by what seem the same drifting ice-floes. 
But the lower hills, buried in the profound depths of ocean, 
are no longer visible; the Lammermuirs have disappeared; 
and the slopes of Braid and Duddingstone, with 

' " North Berwick Law, with cone of greeii« 
And Bass amid the waters; " 

and we can determine their place by but the huger ice- 
bergs that lie stranded and motionless on their peaks ; 
while the lesser masses drifl on to the east. Moons wax 
and wane, and tides rise and fall ; and still the deep cur- 
rent of the gulf stream flows ever from the west, traversing 
the wide Atlantic, like some vast river winding through 
an enormous extent of meadow ; and, in eddying over the 
submerged land, it arranges behind the buried eminences, 
in its own easterly line, many a long trail of gravel and 
debris, to form the Crag and Tail phenomenon of future ge- 
ologists. As we extend our view, we may mark, far in the 
west,^ where the arc4ic current, dotted white with its ice- 
mountains and floes, impinges on the gulf stream ; and 
where, sinking from its ohill density to a lower stratum 
of sea, it gives up its burden to the lighter and more tepid 
tide. A thick fog hangs over the junction, where the 
warmer waters of the west and south encounter the chill, 
icy air of the north ; and, steaming forth into the bleak at- 
mosphere like a seething cauldron, the cloud, when the west 
wind blows, fills with its thick gray reek the recesses of 
the half-fotmdered land, and obscures the prospect. 

11 
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Anon there is another change in the dream. The long 
perioil of submergence is past ; the country is again rising; 
and, under a climate still ungenial and severe, the glaciers 
lengthen out seawards, as the land broadens and extends, 
till the northern and western Highlands seem manacled in 
ice. Even the lower hill-tops exhibit an alpine vegetation, 
beautiful, though somewhat meagre; w^hile in the friths 
and bays, the remote ancestors of many of our existing 
shells that thrive in the higher latitudes, still mix, as at an 
earlier period, M'ith shells whose living representatives are 
now to be sought on the coasts of northern Scandinavia 
and Greenland. Ages pass ; the land rises slowly over the 
deep, temice above terrace ; the thermal line moves grad- 
ually to the north ; the line of perpetual snow ascends be- 
yond the mountain summits; the temperature increases; the 
ice (lisappeai*s ; the semi-arctic plants creep up the hill-sides, 
to be supplanted on the plains by the leafy denizens of 
happier climates ; and at length, under skies such as now 
look down upon us, and on nearly the existing breadth of 
land, the human period begins. The half-naked hunter, 
armed with his hatchet or lance of stone, pursues the roe 
or the wild ox through woods that, though comparatively 
but of yesterday, already present appearances of a hoar 
antiquity ; or, when the winter snows gather around his 
dwelling, does battle at its beleaguered threshold with the 
hungry wolf or the bear. The last great geologic change 
takes place : the coast line is suddenly elevated ; and the 
country presents a new front to the sea. And on the 
widened platform, when yet other ages have come and 
gone, the historic period commences, and the light of a 
classical literature fiills for the first time on the incidents 
of Scottish story, and on the bold features of Scottish 
character. 
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It is said that modem science is adverse to the exercise 
and development of the imaginative faculty. But is it 
really so ? Are visions such as those in which we have 
been indulging less richly charged with that poetic pabu- 
lum on which fancy feeds and grows strong, than those 
ancient tales of ^chantment and faery which beguiled of 
old, in solitary homesteads, the long winter nights ? Be- 
cause science flourishes, must poesy decline? The com- 
plaint serves but to betray the weakness of the class who 
urge it. True, in an age like the present, — considerably 
more scientific then poetical, — science substitutes for the 
smaller poetry of fiction, the great poetry of truth ; and 
as there is a more general interest felt in new revelations 
of what God has wrought, than in exhibitions of what the 
humbler order of poets have half bon'owed, half invented, 
the disappointed dreamers complain that the "material 
laws ''of science have pushed them from their place. As 
well might the Arab who prided himself upon the beauty 
of some white tent which he had reared in some green 
oasis of the desert, complain of the dull tools of Belzoni's 
laborers, when engaged in clearing from the sands the 
front of some august temple of the ancient time. It is 
not the tools, it might be well said to the comphiincr, that 
are competing with your neat little tent ; it is the sublime 
edifice, hitherto covered up, which the tools are laying 
bare. Nor is it the material laws, we may, on the same 
principle, say to the poets of the querulous cast, that are 
overbearing your little inventions, and making them seem 
small ; but those sublime works and wonderful actings of 
the Creator which they unveil, and bring into comparison 
with yours. But from His works and His actings have the 
masters of the lyre ever derived their choicest materials ; 
and whenever a truly great poet arises, — one that will 
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a(M a profound intellect to a powerful imagination, — be 
will lintl science not his enemy, but an obsequious caterer 
antl a ilevoted friend. He will find sermons in stones, and 
more of the suggestive and the sublime in a few broken 
scaurs of clay, a few fragmentary shells, and a few greem, 
n»achea of the old coast line, than versifiers of the ordinary 
calibre in their once fresh gems and flowers, — in sublime 
iHH^ui, the broad earth, or the blue firmament and all its 
stars. 




LECTURE THIRD. 

The Poet Delta (Dr. Moir)— His Definition of Foetry — HU Death -> Hit BuriLl' 
place at Inveresk — Vision, Geological and Historical, of the Surrounding 
Coontry — What is it that imparts to Mature its Poetry —The Tertiary Forma- 
tion in Scotland — In Geologic History all Ages contemporary — Amber the 
Besin of the Pima tmuinifer — A Vegetable Production of the Middle Tertiary 
Ages — Its Properties and Uses — The Masses of Insects inclosed in it — The 
Structural Geology of Scotland — Its Trap Rock — The Scenery usually asso- 
ciated with the Trap Rock — How formed —The Cretaceous Period in Scotland 
— Its Productions — The (.'balk Deposits — Death of Species dependent on Laws 
dlflbrent fh>m those which determine the Death of Individuals— The Two 
great Infinites. 

Thb members of the Philosophical Institution of Edin- 
bui^h enjoyed the privilege last season of listening to one 
of the sweetest and tenderest of modem British poets 
eloquently descanting on the history of modem British 
poetry. Rarely had master established for himself a bet- 
ter claim to teach. And, regarding the elegant volume 
produced on that occasion, so exquisite in its taste and so 
generous in its criticisms, it may justly be said that perhaps 
its only^ at all events its gravest defect, is the inevitable 
one that, in exhibiting all that during the bypast genera- 
tion was most characteristic and best in the poesy of our 
country, it should have taken no cognizance of the poetry 
of Delta. Dr. Moir had just finished his course, but his 
volume had not yet appeared, when, urged by a friend, I 
perhaps too rashly consented to contribute two lectures to 
a course then delivering in the native town of the poet; 
and in one of these I expressed the conviction to which I 

11* ^ \ 
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fi^ye otunoDoe iiifn iiefwtn ji "niv lOve. ikaS ihere is no 
inc^iiwj/ail^/IihT lienr*t*a iiK inrrch rf gdoSo^iic science 
and a j;«iiaJ 4ei*'j:'j«iii*T.i :c -JH j«'.ttnic &ciihj. Dr. Moir 
Ivufl hfmtjTfA mj ki':r»?w ^wzrJL Li* t«s«ibi«*; be kad listened 
with apf/areot atUAXtS:^ *•: \ -riirw T«rr miKli opposed, as 
I wan Xo\*\ afurr tLe Vtrei^zscr ^zp o^^ the meeting, to one 
which he himiielf had ^jeL.jLr^K*\ to the Institntaon only 
a f<: w m-f^ks before ; and on the pabiication of his little 
volume, he politelj fent me a copr^ accompanied bj a kind 
note, in which he referre*! to the point apparently at issne 
lietween a^ as involving rather a seeming than a real dif- 
ference. '^Oor antagonism resfiecting the relations of 
poetr}' and science,^ he soitJ, '^ is, I doubt not, much more 
apparent th^n reaL and an<es simply from the opposite 
a-s^-e:-^* in whii.h we have reirarJed the subject." I read 
Li* TTirk whh. iri:orv>t: and at first deemed the differ- 
e^*t<t s-i-iis^rTbit more than merely apparent. I found 
xL-t 'x^-^z.riz ^i^ikin^ of •• staggenng blows " inflicted on 
ti"* r-i-^trv .:.t the age bv science in not a few formidably 
rr:j«ai».* ihif-e*. — in the shape, among the rest, of "geolog- 
'.•ul •rxrc>r.i'>n :" and of " rocks stratified by the geologists 
jji ?atL-:5 Are nie.isared by mercers," and, in consequence, 
10 '.•:ac:r r^'i'^Ittit of that emotion of the sublime which 
^ ^ ,(.- •. breathe forth of old from broken crags and 
•,N -rwi^'ivv.'^ ^*-^^ ^^* ihfinition of poetry reassured 
1.. ^..- ^c alv nVwit aiTiin. "Poetry," he said, "may be 
-.; >• -s* Iv oorxvts or subjects seen through the mirror 
X rt,,j;.ri-,:c:u atul descanted on in hannonious language; 

»v,^t bt* admitted that the very exactness of 

-. ' .X i KtrruT to the laying on of that coloring by 

^'*^ ^ . ,., V* iiivt\<teil with the illusive hues of poetry. 

^^ tNt ivovinUos the obscure and illuminates the 

»W> «>^*^ jwsured that a demesne has been 
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lo6t to the realms of ima^nation." Now, if such be poe- 
try, I said, and such the conditions favorable to its devel- 
opment, the poets need be in no degree jealous of the 
geologists. The stony science, with buried creations for 
its domains, and half an eternity charged with its annals, 
possesses its realms of dim and shadowy fields, in which 
troops of fancies already walk like disembodied ghosts in 
the old fields of Elysium, and which bid fair to be quite 
dark and uncertain enough for all the purposes of poesy 
for centuries to come. 

Alas ! only a few weeks after, amid hundreds of his sor^ 
rowing friends and townsmen, I followed the honored re- 
mains of the poet to the grave; and heard, in that old, 
picturesque bnrying-ground which commands on its green 
ridge the efiiuence of the Esk, the shovelled earth falling 
heavy on the cdffin-lid. It was a lovely day of chequered 
shadow and sunshine ; and the wide frith slept silently in 
the calm, with a dream-like spectrum of the heavens mir- 
rored on its bosom. From the sadness of the present my 
thoughts let themselves out upon the past. I stood among 
the groves on a grassy mound which had been reared by 
the old Roman invader greatly more than a thousand years 
before ; and I bethought me how, on visiting the place a 
few twelvemonths previous, for the first time, I had first 
of all sought out the burying-ground of the family of the 
deceased, — a spot endeared to every lover of poesy by 
those tenderest and sweeteSt of " domestic verses " which 
show how truly, according to Cowper, "the poet's lyre** 
had been " the poet's heart ; " and how I had next set my- 
self to trace, as next in interest, the remains of that stem 
old people whose thirst of conquest and dominion had 
led them so far. And lo ! like a dream remembered in a 
dream, as the crowd broke up and retired, the visions of 
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. . • :i uroil up before me, ])iit bear- 
iic resj)ected dead, and acvoin- 
; -ii.it, bad we been destined to 
.: .•/iigth our respective views, we 
:i ..-sontially tlie same. 
.:: 1. <«.» riob in bistoric associations, 
• ::'vell h:n\ j>lanted tlicir cannon, 
• '•iL>:cr at Pinkie, and tbe liead- 
^- • .> . :' Cope. But, passing over 
^. :: '.'fa forest-covered coun- 
-. - :■:' the ancient ab«)riirinal 
- V-. ::\ one vast tbicket, from 
' • V .... ; .i!c brow of tbe Pent- 
» • . i: its liuTuan tiLrnres. 
.'•■ •. ■< .'. ■_■:' AiiLTiistus Were 
* . " . *. .Wf.v throuirb tlie 
■ N ^ .\o :i"«.l tbe crasb 

■._■*..■::: tlie vallcv. 

. : •. >..'n, wlun the 

■ -■. v\-.v.- the ancient 

• ' ■-. '- .i" :". ['10 bridire, 

■ ■ .: : w:i itself as 

... :!.. >LUi ; and 

.' ■ ' .•-. ". v:'.'. i, v;}iurcli 

, ■ . • . .7. ':.:.:!■<. .1 up in 

:. ■: r.vvT c^ ti;e one 

■ ; 1 ::::. ••!: ::ie other; 

^ ' . .■.:•. :: r. uiii.'So bhie 

".. ....'..■.v: :i". ..■■•:*> and the 

• '>w .. -. .-: >*rt.'anu that 
■•...:.. vvtn wlun 
: v%'.iU' a scantier 
1 vl.iil^y vt* taper 
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gprnce and dark pine, roughened the lower plains, and 
flnng its multitudinous boughs athwart the turbid and 
troubled eddies. And then there arose yet other and 
remoter scenes. From a foreground of weltering sea I 
could mark a scattered archipelago of waste, uninhabited 
islands, picturesquely roughened by wood and rock; and 
near where the Scottish capital now stands, a submarine 
volcano sent forth its slim column of mingled smoke and 
vapor into the sky. And then there rose in quick succes- 
sion scenes of the old Carboniferous forests: long with* 
drawing lakes, fringed with dense thickets of the green 
Calamite, tall and straight as the masts of pinnaces, and 
inhabited by enormous fishes, that glittered through the 
transparent depths in their enamelled armor of proof; or 
glades of thickest verdure, where the tree-fern mingled 
its branch-like fronds with the hirsute arms of the gigan- 
tic club-moss, and where, amid strange forms of shrub and 
tree no longer known on earth, the stately Araucari^ 
reared its proud head two hundred feet over the soil ; or 
yet again, there rose a scene of coral bowers and encrinal 
thickets, that glimmered amid the deep green of the an- 
cient ocean, and in which, as in the groves sung by Ovid, 
the plants were sentient, and the shrinking flowers bled 
when injured. And, last of all, on the further limits of 
organic life a thick fog came down upon the sea, and my 
excursions into the remote past terminated, like the voy- 
age of an old fabulous navigator, in thick darkness. Each 
of the series of visions, whether of the comparatively re- 
cent or the remote past, in which I at that time indulged, 
had employed the same faculties and gratified the same 
feelings ; and though, in surveying the stuff out of which 
they had been sublimed, I could easily say where the his- 
toric ended and the geologic began, no corresponding line 

I 
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indioatoil in the visdons themselves where the poetry ended 
and the prose began. The visions, whether historic or 
gtH>K>gio, ''were of imagination all compact.** They all 
iuvolvoil the same processes of mind — though, of course, 
in this instance niuid of a humbler order and ruder tex- 
lurv — as those exhibited in the sweet and fragrant verse 
of tho |KH>t himself^ — as those exercised, let me say, in his 
vision on ''Mar^'^s Mount,** when, with quiet graves above, 
and $ttTTv>unded by quiet fields, he saw the contending 
)Kxts^$ of a lonuer day thronging the lower ground, and, 

** With hat to hilt, and hmnd to hand, 
TV chiklren of our mother land 
T^hattlecame;" 

or whvu he od^Iovl uj\ after the lapse of half a lifetime, 
btv*>fc uiu'iu lu :i wintry morning, he had journeyed before 
i*y^*j\\ik» :i ha^'j'v bv>y, along the frozen Esk, and saw 

lJk-tt:it;C ^i*«^ ?*^*«* ^^^^ >^y* wbtrrvon a okm^l, 
^ji^. -Xv* A Jbi:*:!! 2^ axoa^nrr. an^I chr? mvX>n, 
Kvr >v'*rt>. *» : wvn; 4 >?«rvt:v oc' :ihf pas:/* 

\ x*VC» v\*tt;ittuc to ^vH^L theivforv\ that there was no real 
^^i^^^v«^v K'twwtt the views of the [vwt and those which 
\ t»t>xv\t cvtc<tvUiw bat that, as he hL:tiM?lf well expressed 
»V nH*», ^ i^^ts<iv«t An:.tgv^ttisra an>si? siraj^Iy from the oppo- 
v<v 4\|5s\<s> f.t >fchvh wx* h.ul viewevl the sabject-'' He had 
Sv-'» >^•i♦vvvv ^^i ^^i* *~*^^' vUJiirranis an- 1 har.1 names* — of 
yis\« i xou* *tK\«.xwrv\; v*rf^ :n ** gevHogioal expocation," by 
v*»\^ \*^\i iMsl ^^v v*;Vv iitvl ett^eiojH>i in the obscuring 
kvs'xi'tNsv » U<^^^^'i.v^ t^*»f<jsv\v^nO' ; ^hilv L Kx^in^r thronsh 
V**\ \*NSv\\st yZi^^t.ic^viN iiisv u'KViith s«.>auvls lu which the 
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meanings of the science are locked np, to the meanings 
themselves, was luxuriating among the strange, wild narra- 
tiTes and richly poetic descriptions of which its pregnant 
records consist. 

What is it, let me ask, that imparts to Nature its poe- 
try? It is not in Nature itself; it resides not either in 
dead or organized matter, — in rock, or bird, or flower; 
^ the deep saith it is not in me, and the sea saith it is not 
in me.^ It is in mind that it lives and breathes : external 
nature is but its storehouse of subjects and models ; and it 
is not until these are called up as images, and invested with 
** the light that never was on land or sea,^ that they cease 
to be of the earth earthy, and form the ethereal stuff of 
which the visions of the poet are made. Nay, is it not 
mainly througli that associative faculty to which the sights 
and sounds of present nature become suggestive of the 
images of a nature not present, but seen within the mind, 
that the landscape pleases, or that we find beauty in its 
woods or beside its streams, or the impressive and the sub- 
lime among its mountains and rocks? Nature is a vast tab- 
let, inscribed with signs, each of which has its own signifi- 
cancy, and becomes poetry in the mind when read ; and 
geology is simply the key by which myriads of these signs, 
hitherto undecipherable, can be unlocked and perused, and 
thus a new province added to the poetical domain. We 
are told by travellers, that the rocks of the wilderness of 
Sinai are lettered over with strange characters, inscribed 
during the forty years' wanderings of Israel. They testify, 
in their very existence, of a remote past, when the cloud- 
o'ershadowed tabernacle rose amid the tents of the desert; 
and who shall dare say whether to the scholar who could 
dive into their hidden meanings they might not be found 
charged with the very songs sung of old by Moses and by 

* 1 
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Miriam, when the sea rolleil over the pride of Egypt ? To 
the geologist every rock bears its inscription engraved in 
ancient hieroglyphic characters, that tell of the Creator's 
joameyings of old, of the laws which He gave, the tab- 
ernacles which He reared, and the marvels which He 
wrought, — of mate prophecies wrapped up in type and 
symboU — of earth gul& that opened, and of reptiles that 
flew, — of fiery plagues that devastated on the dry land, 
and of hosts more numerous than that of Pharaoh, that 
^sank like lead in the mighty waters;" and, having in 
some degree mastered the occult meanings of these strange 
hieroglyphics, we must be permitted to refer, in asserting 
the poetry of our science, to the sublime revelations with 
which they are charged, and the vivid imagery which they 
conjure up. But our history lags in its progress, while 
we discuss the poetic capabilities of the study through 
wluch its records are read and its materials derived. 

In the deposits of that Tertiary division of the geologic 
formation which represents in the history of the globe the 
period during which mammals began to be abundant, and 
in which the great Cuvier won his laurels, Scotland is one 
of the poorest of European countries. Save for the com- 
paratively recent discover}' of Tertiary beds in the island 
of Mull by a nobleman fitted by nature either to adorn 
the literature or extend the science of his country, the 
geological historian would have to pass direct from the 
Pleistocene beds, with their grooved and polished pebbles 
and their semi-arctic shells, to the Chalk fossils of Banff and 
Aberdeen. But the discovery of his Grace the Duke of 
Argyll furnishes us with an interesting glimpse of a middle 
period widely different in its character from either the 
Cretaceous system or the boulder-clay. In the island of 
Mull, in a headland that rises about one hundred and thirty 
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feet OTcr the sea, there occur, interposed between thick 
beds of trap, three comparatively thin beds of a gray are- 
naoeons shale, charged with fossil leaves, as beautifully 
spread out, and with their ribs and veins as distinctly vis- 
ible, as if they had been preserved in the herbarium of a 
botanist. Most of them belong to extinct species of exist- 
ing £imilies of dicotyledonous trees, such as the plane and 
the buckthorn, mingled, however, with narrow linear leaves 
of cone-bearing trees, which are supposed to belong, in 
this instance, to a species of yew, and with what seem the 
fronds of fern and the stems of equisctacea. Some of the 
beds of coal which have been long known to occur among 
the traps of the island of Mull are regarded by the Duke 
of Argyll as prolongations of these Tertiary leaf-beds, so 
mineralized by some metamorphic action as to have lost 
the organic structure. There must have been vast accu- 
mulations of leaves ere they could have yielded beds of 
coal. The middle or second bed of the three his Grace 
describes as peculiarly rich in the leafy impressions of this 
ancient period ; and I need scarce say how suggestive the 
glimpse is which is furnished us by these buried layers 
of the foliage of Tertiary forests in Scotland, of which no 
other known memorial remains. You all remember Cole- 
ridge's fine comparison of the sorely-worn sails of the 
vessel in which the ancient mariner performed his voyage 
of peril and prodigy, to 

" Brown skeletons of leaves that lay 
The forest brook along. 
When the ivy tod is heavy with snow. 
And the owlet whoops to the wolf below; " 

and you must have often marked the extreme delicacy of 
those deposited leaves, macerated during the winter sea- 

12 
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g. fl,f IwOMH of some woodland pool, which Bng- 

^^^.7 fjif n/^V «iinile. In that Tertiary period to which 

. ^ lp^cs^f« /c Mull belong, it would seem that extensive 

j^yvfov *"^w^ of deciduous trees, shed year aflcr year 

^^' <iininyr coverings of leaves, some of which fell, and 

,,,gm ■•'■ «->^.'h were blown by the autumnal gusts, into tho 

4gr«.»«n> '<:* the country, and were swept down by the cur- 

««(« ^" iiios or estuaries, where they lay gradually rcsolv- 

-i^ ifvv <uoh brown skeletons as caught tlie eye of Cole- 

^^*> Wo loam further, that there were forces active at 

4(K .i^tv\ of which at any later period we have had no 

.ii««n^»iV:» in tho British islands. One of the leaf-beds 

A^TtlHsl by his Grace is overlaid by a bed of volcanic 

^•*V* or tutV seven feet thick; another by a bed of similar 

MjiV'i mixed with chalk flints, twenty feet thick ; and yet 

*nx»i!u*r — the topmost layer — bears over it a bed of over- 

^•^ttiij columnar basalt, forty feet thick. Tlic volcanic 

^Mtv'ios were active in wliat is now Scotland during tho 

^VK v>f its Tertiarv forests. 

l*he onlv Tertiarv fossils of Scotland yet discovered are 

these forest and fern leaves of the Mull deposits. Their 

phu'e in the great geologic division to which they belong 

^K Mill definitely to fix ; but some of our higher geologists 

■*»x\ I find, disposed to refer them to the second Tertiary 

\M* Miocene epo<»h, though with considerable hesitation. 

Thox belong, it is ])robable, to a period not ver}' widely 

tvn\x»\od tVom that of the richlv fossiliferous Marlstone of 

vK\Mh;v*Mi, on the banks of the Rhine, with its vast abun- 

kJ.iiu'** s\(^ plants, chiefly dicotyledonous, — of fishes specifi- 

\M.1> ditVoivnt i\\n\\ those which now exist, but of the 

\»\«x\ou; jronera, — of a fox, which only the comparative 

*» *tonust ran »listinguish tVom the recent species of this 

vvnnux, and ol' ivptilcs gimerically akin to those of 
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the United States. It is a curious &ct that, both in its 
animal and vegetable productions, that part of the New- 
World which borders upon the Atlantic in the temperate 
zone, from Carolina to the mouth of the St. Lawrence, still 
presents very much the appearance which was presented 
by the flora and fauna of Europe during the later Tertiary 
periods. It has been often remarked, in reference to 
human manners and the progress of civilization, that all 
ages of the world may be regarded as contemporary. 
Man is still in many of the South Sea Islands what he was 
in our own country previous to the times of the Roman 
invasion ; and there are provinces in Spain and Portugal 
in which neither the people nor the clergy have got be- 
yond the semi-barbarism of the Middle Ages. Curiously 
enough, in geologic history also, though in a narrower and 
more restricted sense, all ages are contemporary. The 
Galapagos have their age of reptiles. New Zealand its 
age of birds, and New Holland its age of marsupial quad- 
rupeds. These countries bear now, in not a few par- 
ticulars, the character of the Oolitic period in our own 
country. Again, on the eastern coasts of North America 
we are presented with a vegetation greatly resembling that 
of some of the later Tertiary periods ; and of several of 
its animals the type is still more ancient. America, though 
emphatically the New World in relation to its discovery 
by civilized man, is, at least in these regions, an old world 
in relation to geological type ; and it is the so-called Old 
World that is in reality the new one. " If we compare," 
says Professor Agassiz, in his late admirable work, ^ Lake 
Superior," — "if we compare a list of the fossil trees and 
shrubs from the Tertiary beds of (Eningen with a cata- 
logue of the trees and shrubs of Europe and North Amer- 
ica, it will be seen that the differences scarcely go beyond 
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those dMnm by die diCerent flons of diese oootinenti 
under the Bune htitndeft. But what k quite eztnuirdi- 
nanr and unexpeeted is the fteti that liie Ewopean fiMsil 
planiB of that locality reaemble mora doady the trees and 
shrubs which grow at preaent in the eastern parts of North 
America, than those of any other part of the world; thus 
allowing as to express eorreetly the dilferenoe between the 
opposite coasts of these continentSi by saying that the 
present eastern American flora, and, I may add, the finma 
also, have a more ancient character than those of BorqM. 
The plants, especially the trees and shmbs growing in our 
days in the United States, are, as it were, dd-fitthioned; 
and the characteristic genera Lagoings, Chelydra, and the 
large Salamanders, with permanent gills, that remind us 
of the fossils of CEningen, are at least equally so ; they 
bear the marks of former agteT* This interesUng feet— 
Touched for by assuredly no mean authority — may enable 
us to conceive of the general aspect of our country, so &r 
at least as its appearance depended on its vegetation, to- 
wards the close of the Miocene period. Old Scotland ex- 
hibited features in that age greatly resembling those pre- 
sented to the puritan fethers by the forest-covered shores 
of New England little more than two centuries ago. But 
no femily of man dwelt in its solitary woods ; and, as 
shown by its widely spread deposits of trap-tufi^ and its 
vast beds of overlying basalt, broken by feults and shifts, 
its ancient volcanoes had not yet died out, and it must 
have had its frequent earthquake agues and shaking fits. 

There is, however, another witness besides the leaf-beds 
of the island of Mull, which we may properly call into court 
to give evidence regarding the Tertiary period in Scotland. 
It is known that from a very early time masses of amber 
have been occasionally furnished by the north-eastern 
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shores of the kingdom, in especial by that extensive tract 
of coast which stretches from the Bnchan-ncss to the 
Frith of TsLj ; and the geologist now recognizes amber 
as a vegetable production of the Middle Tertiary ages. 
It is the resin of an extinct pine, which the fossil botanist 
has only of late learned to term the Pinus succinifery or 
amber pine, but which the Prussian peasantry, who gather 
amber on the southern shores of the Baltic, used for ages 
to associate with this substance, from its occurrence in a 
fossil state in the same beds as amber wood. The orna- 
mental character of this precious resin seems to have been 
appreciated by the native Scotch at an early period : beads 
of amber have been found in the old sepulchral barrows 
of the kingdom. Its value, however, as we learn from the 
first notice of it which occurs in our written history, — 
that of Hector Boece, — has not been always appreciated. 
After describing it, not very inadequately, as " ane maner 
of goum or electuar, hewit like gold, and sa attractive of 
iiatur, that it drawis stra, flax, or hemmes of claethis to it 
in the samen maner as does an adamant stone grow,'^ he 
goes on to say, that " twa year afore the comin af [hisj 
buke to licht (1524) thair arrivit an gret lompe of this 
goum in Buchquhane, als meikle as an hens; and wes 
brocht hame by the herdcs quhilk wer kepand thair bestis, 
to thair honsis, and cassin in the fere. And becaus they 
fand an smell. and odour thairwith, they scha to thair 
maister that it wes garand for the tnsens that is maid in 
the kirkes. Thair maister wes ane rud man as thay wer; 
and tuk hot ane litell part thairof, and left the remanent 
part behind him as mater of litell effect. All the parts of 
this goum, quhen it wes broken, wos of hew of gold, and 
schone lyke the licht of an candell. The maist part of 
thb goum or electuar wes destroy it be rud peple afore X 

12* 
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cnm to any wise mannii em ; of qnhome may. be verifyet 
tho provcrlji, ^ The sow care^ not for balme.' Als sone as I 
WC8 iu1verti.sit thairof^ I maid so diligence that ane pairt 
of it w;is brocht me at Aberdene.*^ I may add to this 
notice of the old chronicler, that up to a comparatiyely 
n'coiit pcrioil, ornaments of amber, especially amber beads 
of large nize, or, as they were termed by our ancestorSi 
«*l!un<)iir boiulrt," were highly valued by the humbler Scotch. 
That inyslcTious attractive property which resided in this 
gt'in-Iiko rosin, and which has since been found pregnant 
with that wonderful science to which the substance has 
j;i>on its (trock name, electrum, threw a halo of mystery 
Hixuihd it, that served to enhance its native beauty. The 
l,aii>l of Uunihiodikcs was, it must be confessed, neither a 
vorv l\»r>vnt nor very poetical lover; but a lover he was; 
Hud vol ho oouM thul nothing more apt with which to 
v\MUpc»v I ho oyos of his mistress, when turned upon him 
m hov iiraliliulo, than to beads of amber. "Dinna ye 
ihiuV,^* siUvi tho lainl, **puir Jeanie's e'en, wi' the tears 
iit l^oi»^ vjl.uuvd Uko lamour beads, Mr. Saddletree?" 

l\* :Iu* i:wK\;;:ist this precious gum of the Tertiary ages 
U t\;r,v>;**? ^^iih a poouliar interest, from the circumstance 
\hiX w tonus t)»o Ivst of all niatrioos for the preservation 
of o^x^^i'*'*^'* ^*f tho nioro fragile kinds. Mosses, fungi, 
;^hxl li\o»\\\Mts aiv plants of so delicate a structure, that 
|h\\\ .u%* vai\'l\ or novor ]>rosorved in shale or stone; but 
fc^^v nuou^ \^( all tluvo have been found locked up in 
*\ulv» »u a stato of tho most perfect keeping. And, 
K'-suh N %NM\tainin\r tVapuonts of the pine which produced 
*K s\ U v-^ Iv^u tomid to oontain minute pieces of four other 
>^^\«x'^ ol |Mno» with bits oC cypresses, yews, junipers, 
vvA \ ^^^MOn^ broohos etc., — in all, forty-eight different 
^vn^^i \^\ yA\\\\\^ and tixvs which must have flourished in 
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the forests where it grew, and which, '* viewed in the 
group, may be regarded as constituting," says Professor 
Grdppert, "a flora of North American character.*' You 
will of course remark how directly this evidence bears on 
that <^ Professor Agasslz. The most remarkable organ- 
isms of the amber are, however, its insects, — a kind of 
fossils suggestive of a very different poetry from that 
which Pope elaborated from them in his well-known 
simile : 

" Pretty In amber to observe the forms ^ 

Of bain, or straws, or dirt, or grubs, or worms : 
The thin|2:s, we know, arc neither rich nor rare. 
But wonder how the mischief they got there I " 

Fossil insects occur in both the Secondary and Paleozoic 
divisions, but rarely indeed in a state of sufficient entu-e- 
ness to enable the entomologist to distinguish their spe- 
cies. Even in classing them into families and genera, our 
best writers on the subject, such as the Rev. Mr. Brodie, 
confess that some of the number are very imperfectly 
made out. In the amber, on the contrary, even the most 
delicate ephemene that ever sported for a single summer 
evening in a forest glade, and then perished as the night 
came on, are preserved in a state of pei-fect entireness. 
In the amber of Prussia eight hundred different kinds 
of insects have been determined, most of them belonging 
to species, and even genera, that appear to be distinct 
from any now known; while of the others, some are 
nearly related to indigenous species, and some seem iden- 
tical with existing forms that inhabit the warmer climates 
of the south. From their great specific variety and 
abundance we may infer that insects then, as now, formed 
the most numerous division of the animal kingdom. Our 
entomologists reckon at the present time about eleven 
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thousand species of recent British insects, — a number 
many times greater than that of all its other denizens 
of the animal kingdom united. You will scarce deem the 
riddle regarding the entombment of these fragile crea- 
tures in the amber, which so puzzled the poet, particularly 
a hard one : the process must have resembled that which 
we see going on in our pine-forests every summer. The 
little flatterers must have settled on the bleeding trunks 
of the Pinus succinifery and stuck fast, and the after flow 
of the sap covered them over. They add an interesting 
feature, identical with that sung by the poet, to the odor- 
iferous amber forests of the Tertiary. The hot sun is 
riding high over the recesses of one of these deep woods, 
never yet trodden by human foot, and lighting up the 
waved lines of delicate green with which spring, just pass- 
ing into early summor, lias befringed the dark pines, and 
the yet unwithered catkins of the poplar and plane, and 
the white blossoms of the buckthorn. The cave-bear and 
hyena repose in silence in their dens, and not a wandering 
breeze rustics among the young leafage. 

" But hark ! how throuj^h the peopled air 

The busy mumiur j^lows; 
The hisect youth are on the wing, 
Ea«rer to taste the honied spring. 
And flout amid the liquid noon: 
Some lightly o'er the current skim. 
Some show their gaily gilded trim 

Quick glaring to the son." 

And lo ! where the forest glade terminates in a brown, 
primeval wilderness, the sunbeams fall with dazzling 
brightness on the trunk of a tall, stately tree, just a little 
touched with decay ; and it reflects the light far and wide, 
and gleams in strong contrast with the gloom of the 
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bosky recesses beyond, like the pillar of fire in the wilder- 
ness relieved against the cloud of night. 'T is a decaying 
pine of stateliest size, bleeding amber. The insects of the 
bonr flatter around it ; and when, beguiled by the grate- 
ful perfume, they touch its deceitful surface, they fare as 
the lords of creation did in a long posterior age, in that 

" Serbonian hog. 
Betwixt Damiata and Moant Casios old. 
Where armies whole have sunk." 

But, as happened to so many of the heroes of classic his- 
tory, death is fame here, and by dying they became im- 
mortal ; for it is from the individuals who thus perish that 
future ages are yet to learn that the species which they 
represent ever existed, or to become acquainted with even 
the generic peculiarities by which they were distinguished. 
The question still remains, whence has the amber of 
our Scottish coasts been derived? It occurs in situ in 
Tertiary deposits in the neighborhood of London : good 
specimens of considerable size have been found,- for in- 
stance, in a clay-pit near Ilyde Park comer, not a quarter 
of a mile from the site of the Crystal Palace. It occurs 
too, in Prussia, in a clay-bed of considerable horizontal 
extent, of which the larger part lies under the waves of 
the Baltic, but which rises on some parts of the coast 
about forty feet over the level of that sea, and to which 
of late years a sort of classical interest has been given by 
a modem fiction, worthy, from its air of matter-of-fact 
truthfulness, of our own Defoe, — the "Amber Witch." 
The black amber vein found by the pastor's little daugliter 
is described in the story as occurring high in a wooded 
defile behind her father's parsonage, and as owing its black 
color to the quantity of charcoal, t. e., carbonized wood, 
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which it contjuned. And in both particulars the descrip- 
tion is true to the geology of the amber deposits. But 
we have no amber deposits in Scotland ; had amber ever 
existed in connection with the Tertiary beds of Mull, it 
would have shared, in all probability, from the close prox- 
imity of the trap, the fate of the great lumps of butter 
which that giant in the nureery story who used to eat 
knights and young ladies, employed in testing the heat 'of 
his oven ; and so we must look for its place, not on our 
shores, but in the seas by which they are washed. But it 
is here necessary that I should submit to you a brief out- 
line of the structural geology of our country, not only 
that we may know in what direction to look for its Ter- 
tiary beds, but in order also that we may form such an 
acquaintance with the general framework of our subject, 
as it exists in space, as may guide us in all our after con- 
ceptions regarding it. Avoiding the prolixity of minute 
detail, I shall present you at present with but a few of the 
leading lines. 

The great central nucleus of Scotland, presenting con- 
siderably more than fifteen thousand square miles of sur- 
face, consists of what we shall term, with the elder geol- 
ogists, primary rocks, — granites, gneisses, mica-schists, 
quartz-rocks, and cl ay-slat os. These extend in one direc- 
tion from the southern base of the Grampians to the 
northern limits of Sutherlandshire, and from Peterhead 
and Aberdeen on the east to Glenelg and Loch Can-on on 
the west. [Now, around this great primary mass there runs 
a ring of the sedimentary fossiliferous rocks, somewhat, 
though of course not with such unbroken regularity, as a 
frame runs round a picture, or as the metallic setting of a 
Cairngorm or pebble brooch surrounds the stone. Of 
these earlier fossiliferous rocks, known about the begin- 
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ning of the present century as the Gnmwacke, and now 
as the Silurians, the frame or ring contains hut fragments, 
— a narrow strip along the flanks of the Grampians on the 
south, and a few detached patches along the shores of 
Banff on the north and east. But the ring or frame of 
the next oldest fossiliferous system, the Old Red Sand* 
stone, is very nearly complete ; and to such a hreadth do 
we find it developed, especially in the southern and north- 
em parts of the inclosing frame, that, with the addition of 
a few patches in the border counties of Scotland, we find 
it occupying nearly five thousand square miles of the sur- 
face of our country.'] Outside the Old Red Sandstone 
frame there occurs to the south, in the line of the great 
flat valley which runs across the country from the Frith 
of Forth to that of the Clyde, a broad belt of the Coal 
Measures, — the system which succeeds to it in natural 
sequence ; but on the east, west, and north, the Coal Meas- 
ures and Kew Red Sandstone are wanting, and we find 
fragments of a ring of Lias, as at Applecross, on the one 
coast, and at Cromarty and Shandwick on the other; and 
outside the Lias, considerable fragments of yet another 
and wider ring of the Oolite. The sea on the east coast, 
and both that and numerous outbursts of overlying trap 

1 The Old Red Snndstone frame^ and its correspondinp^ fllastrations, no 
longer hold good. The geology of north-westcm Scotland has recently 
been investigated by Sir Roderick Mnrchison, Trom whose researches it 
appears that Silurian strata occupy a much wider area of that district than 
had been previoosly suspected. Aided by Mr. Peach's discovery of Lower 
Silurian fossils in the cr\'stalline limestones of Suthcrlandshire, Sir Kodcr- 
ick has sncceeded in showing that fh)m the Atlantic to the German Ocean 
there is a regular succession of strata in ascending order, representing the 
Lauren tian gneiss of Canada and the Cambrian and Lower Silurian rocks 
of Wales, and superposed upon these older formations in the great Old 
Red Sandstone of Caithness. Sec the alwJtnict of Sir Roderick Murchison'a 
paper in the Reports of the Leeds Meeting of the British Association. — Q. 
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on the west, covers up the ring which lies beyonil; but 

the Ch.ilk dliits and Greensanil fossils of Abenlcen and 

iKindr <hln>s on the one h:\n<L anil the Chalk flints of Mnll 

:m<l C ilthiioss on the other, imlicate its existence and its 

cofi;H>Ti^;Qt>. An outer rinij or frame of Chalk and Green- 

*ar. I. tv..-rv or k:<j« broken, sarro an ds on two, mayhap on 

t:*rvc >: lo-*^ the ovntml nucleiis of the kingdom; and were 

:::•;! x-l> .^t' tho German an*! Atlantic Ocean to be laid drv 

:o :\n I^r :h ot ab«?ut dtlv £it horns* and the area of Scot- 

Uc-l :.■ ;•: rnH»«.>rti«ja:iI!v exten«leil, von would find for- 

r: f. '-. >;:.At.H»<iin;r t«>rm;it:on, in crossin or the rin<j from the 

7-:-'.v: Ls .• irvjLplss. a* we fin- 1 them succeeding each other 

t-T "**: *i';::h of Enj:Lin«L when cn>ftsinsr the country from 

>v.r ". ^Vi/.^s ::• tl-o dirvvcion ot' Lon»lon. Bovond this 

v'.::.' *■■-,: ;:* C''i!i. :"'.^'rv *Le. it i> m«>re than probable, 

u-'s; > c' :'•.* T:T::iry >y<:.:7.i. Of tho Mull deposits on 

:'»i.' ^\ >. ;■%'.< 'V : «: '.,-.L<: kc.-w. :hi>'i;^h they occur in so 

* V -o* ' ••: ;* :-**■ -v. a ^>:7i.;t» that they lie outside 

- ..; >,.;.•.*:-% •..:•»>-> ::" :!•.•: islanl; and ag:iin on the 

,- « >: '•.:>.. • V ■ s •\* ■ ": ■: T ; -*: i. I ry In: t^ ^>i : s. w hich ixrcu py so 

' , , . . t -»•.-. ■• ' :* : * : > :: i' -< .l<:c m r« ^rtion of Enirland, 

V-.; ^ -,• /'c v'"* L V. * ".>< :>::vs:*.vts in the German Ocean, 

: ■ ; ■ V- ; ^v "v '-5 :'■::: I i. r : ,: r^ >: i r. ^ : ra>>? o f them far at sea 

-. ^ v,'~'. .'vir'N. :^ : r.v- a:v\in?r.:Iy, our submarine 

K- ". r -.",:. I: :> >:a:c I : v Wo«*v:'«"arl, in his -Geolosrv 
ot' N . -ro-xr :';.i: vi'.v.- oy>:or-r.>*.*:r> .::i that o»xist dreilged 
\:'> 'H-'. .; :~ix: o:' ov>:tr->>Is :io:ir Ilarux^sburjrh no fewer 
tl^ v.: tw-^ :\,*;v::; I ^!v. icrs -^fv.iarTira^ths in the ct>urse of 
v,\;rs. Further, :'i>se i;;r:s of the Continent 
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\khu'U l.c ovtv>i:o oi;r <:as:cr:: ooistSw inoludinjj Holland, 
Uaru^x^r, :i*ia tho larj^^r part o:* I\::imark. all consist of 
do : vsi r s v* f 1 1 1 o To rt iar v > v>t t? m, w h iol i . t rendi n -j west wards 
»5 a low a«^*v\ tonii, it is pn.*baMe, n«.« irioousiderable part 
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of the bed of the German Ocean. Those beds, however, 
from which our Scottish amber is derived must lie deep in 
the sea, outside the Lias, the Oolite, the Greensand, and 
the Chalk; and our specimens are rare in consequence, 
because at great depths the bottom is little affected by 
tempests. Not less than eight hundred pounds weight of 
this substance has been thrown up on the coast of east 
Prussia by a single storm. 

From the Tertiaries we would naturally pass, in our 
upward progress, to the Secondary deposits ; and of these, 
the remains of the Cretaceous system, as exhibited in 
Banff and Aberdeen shires, would, of course, first solicit 
notice, as representative in Scotland of that portion of the 
Secondary period nearest our own, — the period with 
which this great middle division of the earth's history 
terminated. I must first, however, call your attention to 
a series of rocks which, without belonging to any of the 
three great sedimentary divisions, seem in our own coun- 
try to have been contemporary with them all. I refer to 
the trap rocks of the kingdom. The Duke of Argyle 
found in the island of Mull, as has been already shown, 
thick beds of trap, tuffacious and basaltic, overlying beds 
of the Tertiary division. Again, in the Isle of Skye, Pro- 
fessor Edward Forbes has detected trap beds which made 
their way to the surface, and overflowed the shells and 
corals of the Oolite, about the middle of the great Sec- 
ondary period. " The thick sheet of imperfectly columnar 
basalt," says the Professor, " which has so wide an exten- 
sion in the island of Skye, and plays so important a part 
in the formation of the magnificent scenery of its coasts, 
was the product of a submarine eruption, which, if we 
regard the basalt as an overflow, has its geological date 
marked to a nicety, having occurred at the close of the 
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middle and at the commencement of the npper Oolitio 
period.'* Yet again. In the neighborhood of Edinbni^h, 
as well described by Mr. Charles McLaren, there are traps 
of the Palaeozoic division, — beds of stratified tn^ as 
among the rocks of the Calton Hill, for instance, — that 
belong to the early part of the Carboniferous period ; and 
I have seen at Oban a conglomerate low in the Old Red 
Sandstone, formed chiefly of a trap, which even at that 
early time must have been a sur&ce rock much exposed to 
denudation. We must regard, then, the trap rocks of 
Scotland as of all ages, from the earlier Paleozoic to the 
middle Tertiary periods. The great ganoidal fishes of the 
Devonian and Carboniferous ages, the huge reptiles of the 
Oolite, and the gigantic mammals of the Miocene, must 
have been exposed, in turn, in what is now Scotland, to 
deluging outbursts of molten matter from the vexed bow- 
els of the earth, and to overwhelming showers of volcanic 
ashes. 

I would, however, crave attention to the curious fact, 
that during this immensely j)rotracted period of Plutonic 
activity, the deep-seated agencies operated in nearly the 
same lines. Masses of the incarcerated matter seem to 
have made their escape age afler age along the same weak 
parts of their prison walls, — the. earth's crust; and in 
Scotland we have two of those lines of apparent weakness 
which converge in a greatly overflown district in the north 
of Ireland. One of these lines runs along the inner Heb- 
rides nearly south and north, and includes in its area, as 
distinct centres of Plutonic action, the islands of Skye 
and of Mull, with what are known as the Small Isles lying 
between, and the promontory of Anlnamurchan. The 
other line sweeps across the country from north-ea»t to 
south-west, commencing at Dunbar on the east, auc ter- 
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minating, in Scotland, with Arran and Campbelton on the 
west ; bnt running, as I have said, across the Irish Sea, it 
reappears in Ulster. It includes, among many lesser trap 
eminences, the Campsie, the Ochil, and the Lomond hills; 
the eminences also on which the castles of Stirling and 
Dumbarton are built; the hills which give character to 
the scenery around Edinburgh, — Coi*storphine, Blackford, 
the Pentlands, the Castle rock, the Calton, Salisbury Crags, 
and Arthur's Scat ; and far to the east, that Haddington 
group of trap hills to which North Berwick Law, the Bass, 
and the Isle of May belong. Beyond these great lines of 
injected cracks and filled-up craters, especially to the 
north and east, there are wide districts in Scotland in 
which there does not occur a single trap rock. The lava- 
like flood found its way to the surface from the fiery depths 
beneath, through the chinks and crannies which we now 
find indicated by the dikes and insulated stacks and hills 
of what we may term the Lothian and Ilebridean lines, 
and through these only ; and those portions of the Low- 
lands of Scotland which lie to the north of the Grampians, 
Buch as the plains of Caithness, Moray, and Easter Ross, 
present, from the absence of the trap, an entirely different 
character from that exhibited by the Lowlapds of the 
South. 

The igneous rocks have been divided, according to their 
mineral or mechanical character, into tuffs, amygdaloids, 
porphyries, dolerites, claystones, clinkstones, wackes, tra- 
chytes, and various other species. For our present pur- 
pose, however, and as adequate to the demands of our 
necessarily brief and imperfect sketch, we may regard the 
trap rocks as consisting of but two great divisions, — first, 
the traps proper, including all igneous masses, from the 
porphyries to the basalts, which were ejected from the 
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s^w in a niohctt form, and wbidi cither oreiflowed firom 
tSbeir T«nts and craters certain portions of the earth's sur- 
fice« vhecher snhaqocoiB or subaerial, or, finrcing their waj 
K-cwv^n strata of the sedimentarj rocks, formed among 
thjCQi dikiKL or beda^ or pUlar-like masses; and secondly, 
trap«udk which, though igneous in their components, were 
ejected Ixocn craters in the form of loose ashes and de- 
turhed fragments^ or vere groond down by the agency of 
water, and sdbw«|iientlT arranged in regular strata under 
the ^aoLc IawT» whkh hare given their stratification to the 
rvck» of aqaeottfr or^in amid which we so frequently find 
th«»«^ trap-tafi intercalated. Ton will at once see that 
the division here b a natural one. There is a wide diflfer- 
ence Wtwixt a stratum of broken glass and scotia, the 
debris of a !r^asi»-hoase arTa^«:^^l bv the tide on the beach 
on which it had b«^n oa<t \K>wn a few hoars before, and a 
cv>ttUauvHi$ sheet of pUte-gi:is$ still n?t:uning its place in 
the nivHiIvl into which it h^id bot^n mn off bv sluices from 
the fttmaoe. And such is the difference between trap-tuff 
and trap prv^p^r. We hive to arrive, too, when we find 
thecu ocv'urrlnc* *? ia this nei:rhK>rhoo*L amons: the rocks 
C4" a dtstriot* at verv different i'onclusions reiranlinjj their 
date and htstorr. Without inquiring whether in some 
rare instances an eruption of volcanic mud might not possi- 
bly be ejecte^U by a sort of liydraulic-prcss process;, between 
strata of previously existing nx'k. and thus a tuff-bed come 
to be formed which was not onlv newer than the stratiun 

m 

on which it rested, but also than that bv which it was 
overlaid, we may receive it as a general foct, that the true 
tuff-bed, like beds of the ordinary sedimentary rocks, is 
more modem than the stratum on which it rests, and more 
ancient than the stratum which overlies it ; that if it oc- 
cur, for instance, among the Old Red Sandstones, it belongs 
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to the age of the Old Red Sandstones ; if among the Coal 
Measures, to the age of the Coal Measures ; and if among 
the Oolites, to the age of the Oolites. But we cannot 
predicate after the same fashion, that the bed of trap 
proper which we find resting over one series of sediment- 
ary strata and under another is of nearly the same age as 
the rock above and below, or just a little older than the 
upper and a little newer than the nether ones. It may 
have been injected among them many ages after their 
depoMjition, during even an entirely different period of the 
earth's history. We may safely infer, that thpse beds of 
stnitified trap-tuff which alternate in the Calton Hill with 
beds of trap-porphyry belong to the Carboniferous period, 
and are very considerably older than the overlying sand- 
stones and shales on which Regent Terrace is built; but 
we can no more infer that the great bed of greenstone 
which forms the picturesque crown of Salisbury Crags is 
of the same age as the rocks among which it occurs, or, 
more strictly, a little newer than the strata below and a 
little older than the strata above, than we can infer that a 
cast-iron wheel or axle is of the same age as the mould into 
which it was run, or, more strictly, a little newer than the 
bottom of the mould, and. a little older than the top of it.^ 
Let us now devote a brief space to the consideration of 

^ The nsual test of the age of these melted traps is the relation they 
bear to the rocks which overlie them. If the part of the supeijacent bed 
restin<; on the igneous rock present an altered appearance, as if it had 
been more or less baked in a furnace, the trap is regarded as intritsive, that 
is, it forced its way between the planes of the strata, and must conse- 
quently be of later age. If, on the other hand, the beds above display no 
sjTnptom of alteration, and more especially if they consist of trnp-tufT, the 
underlying igneous rock may be presumed to have been erupted either under 
water or in open air, as the case may be: and hence it is regarded as in a 
general way contemporaneous with the strata among which it occuri-^G. 
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the scenery nsnallj associated with the trap rocks, — a 
■abject which should possess some little interest to an 
Edinburgh audience, seeing that their most magnificent 
of cities owes almost all that is imposing and peculiar in 
Ha aspect and appearance to this cause. The scenery of 
a trap district may be resolved into two components. In 
an ancient ruin we frequently see stones hollowed by decay 
into a sort of fimtastic fretwork, not very unlike that 
which roughens some of our more ancient runic obelisks; 
and we recogniae as the cause of these irregularities of 
Burfiice on which the effect depends, certain original ine- 
qualities in the texture of the mass, and certain weather- 
ing influences, which, while they wore away the softer por- 
tions, spared such as were harder and more durable. And 
such, on a larger scale, are the two elements operative in 
the production of the peculiarities of trap scenery. The 
hard trap rocks injected into the comparatively soft sand- 
stones and shales of a district, such as that which sur- 
rounds the Scottish capital, conii>ose a mass of very various 
texture and solidity, which, if operated upon eqxtaUy by 
some power analogous to the weathering one in the case 
of the fretted stone, would necessarily yield unequally ; 
and the weathering influences we find represented on the 
large scale by the denuding agencies. The noble eminen- 
ces which give character and individuality to our city 
were literally scooped out of the general m:i8s by tides, 
and waves, and decj>-acting currents, as the sculptor chis- 
els out his figures, in executing some piece in alto relievOy 
by chipping away the surrounding plane. The bold figure 
of the poet Hogg becomes almost a literality here : 



it 



Who was it scooped these stony waves? 

Who scalp'd the l)row8 of old Cairngorm, 
And dug these ever-yawning caves? 

T was I, the spirit of the storm." 
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The masses of enclosed trap are of varions forms. Some- 
times they occur as deeply-based pillar-like masses, filling 
up, it is possible, ancient craters. The rock of hard clink- 
stone on which the Castle of Edinburgh stands is one of 
these ; but the long-inclined plane of sedimentary deposits 
which it shielded jfrom the wear of the western current 
interferes with its column-like outline. The Bass rock is 
an example of the same kind, with no sedimentary tail to 
mar the effect of its natural outline. The dike is another 
and yet more characteristic form of trap rock : it is a rock 
that was moulded in a longitudinal crack or rent, as the 
other was moulded in a well-like crater ; and when the 
original matrix in which it was cast has been washed from 
its sides, and it remains standing up over the level, it 
assumes the wall-like or dike-like form to which it owes its 
name. In sailing along the west coast of Scotland in a 
clear sunny day, that gives to each projecting crag its 
deep patch of shadow, these fragments of walls, of vastly 
more ancient date than the oldest and most venerable of 
our Scottish ruins, may be seen rising from the beach 
along the faces of grassy banks or rounded tufl-formed 
precipices, and communicating to the general scenery one 
of its most characteristic features. But one of the main 
scenic peculiarities of the trap districts is derivable from 
their trap beds. We find in this neighborhood, among 
the hills of the Queen's Park, bed rolled over bed, with 
bands of shale, or sandstone, or sofl trap-tufl^ between ; 
and these beds, ranged oflen in nearly parallel lines, and 
bared by the denuding agencies, present not unfrequently, 
seen in profile, the appearance of a flight of steps. Hence 
the generic name for this class of rocks, — trappa^ a stair : 
the traps are the stair-like rocks. As seen in a calm, clear 
morning, from nearly the eastern tennination of Regent 

I 
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Terrace, the Arthur Seat gronp of hills exhibits three 
of these beds ranged for considerable distances in neariy 
parallel lines, and, with these, well-mariced fragments of 
several others. First, reckoning from the west or south, 
there is the continuous greenstone bed of Salisbury crags; 
next, the partially-broken bed of greenstone porphyry 
known as the Bay Crag; next, the continuous bed of 
compact greenstone known as the Hill Crag, — that along 
the top of which the path ascends to the summit of Arthur 
Seat fit>m St. Anthony's Well; and then there are at least 
two beds of basalt, partially sanded over, which rise in 
interrupted steps along the &ce of the eastern hill. These 
beds form the peculiar feature of the fine fragment of land- 
scape which from this point of view the Arthur Seat group 
of hills composes.^ The trap scenery may be described 
generally as eminently picturesque. From the circum- 
stance that its eruptive masses rise often from amid level 
fields, and that its hard abrupt beds, dikes, and columns, 
alternate often with rich, soft strata, that decompose into 
fertile soils, it abounds in striking contrasts. The soft 
plain ascends often at one stride into a hill fantastically 
rugged and abrupt; and bare and fractured precipices 
overtop terraced slopes or level platforms, rich in verdure. 
Some of the more famed scenery of England owes its 
beauty to the trap rocks. Hagley, the scat of the Ljrttle- 
tons, so celebrated in the English poetry of the last cen- 
tury for its beauty, is situated half on a range of pictur- 
esque trap hills, half on a level plain of the New Red 
Sandstone; and the far-fhmed view from the Leasowes 

* On the west coast of Mull, and tho islands of Gomctra and Ulva, six 
or eight of these step-like beds may be seen, rising the one over the 
other, like terraces or stories in a bnildinf?; and the whole landscape 
seems barred with right lines, that in this district lie nearly parallel to the 
horizon. 
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owes much of its beauty to the traps of the Clent Hills. 
But it would be unpardonable, in treating, however 
slightly, of the scenery of the trap, to omit all refer- 
ence to one of its strangcist features, — those of ranges 
of polygonal columns which, in at least the more perfect 
specimeDS are peculiar to it, and which impart to dame 
N.itnre, in so many instances, those qualities of propor- 
tion and regularity in which art alone can pretend to 
vie with or surpass her. The specimens in our own 
neighborhood are either of small extent, as in Samson's 
Ribs, or both that and of imperfect form, as at St. An- 
tiiony's Chapel and in the adjacent hill-front; but I have 
seen in the neighborhood of Linlithgow a range of slender 
columns sufficiently regular to have given rise to a tra- 
ditional myth in the locality, that they owe their origin 
to the ingenuity of the old Picts; and the columned 
scnir of Eigg greatly suqiasses in grandeur the far-famed 
Giants' Causeway, and scarce falls short of it in the 8}Tn- 
metry of its strange architecture. To that wondrous 
ocean cave of the west which an enlightened age con- 
tinues to recognize as one of the marvels of Scotland, 
I need but refer in the graphic verse which the Ettrick 
Shepherd has transferred, in his "Queen's Wake," to 
«* Allan Bawn, the bard of Mull." 
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Awed to deep silence, they tread the strand, 

Where fnmaoed pillars in order stand; 

All framed of the liquid burning levin, 

And bent like the bow that spans the heaven; 

Or apright ranged, in wondrous array, 

"With purple of preen o'er the darksome gray. 

The solemn rows in that ocean den 

Were dimly seen like the forms of men; 

Like giant monks in ages agone, 

Whom the god of the ocean had sear'd to stone ; 

And their path was on wondrous pavement old. 

In blocks all cast in some giant mould/ 
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The oid scenery of the trap rocks of Scotland, — the 
scenery associated with them when our country, along at 
least its two great lines of trappean eruption, was a Terra 
del Fuego^ — a land of fire, — it would require some of 
that poetic faculty to restore which I would fain challenge 
for the geologist. Even in the immediate neighborhood 
of the capital, the rocky crust of the earth has been 
heaved into vast waves by the imprisoned Plutonic agen- 
cies struggling for vent; huge floods of molten matter, 
now hardened into mountain masses, have been injected 
with earthquake throes between the folds of the stony 
strata; and a submarine volcano has darkened the heavens 
with its ashes, shutting out during the day the light of 
the sun, and throwing its red gleam, when the night had 
fallen, over the steaming eddies of a boiling and broken 
sea. The area which we now occupy has heaved like the 
deck of a storm-beset vessel ; the solid earth has been 
rent asunder; and tlirough the wide cracks and fissures, 
now existing as greenstone dikes, the red molten matter 
has come rushing through. Could we this evening ascend 
into the remote past, when that picturesque eminence 
which overlooks Edinburgh, — according to the poet 
Malcolm, 

" Arthur's craggy bulk, 
That dweller of the air, abrupt and lone," — 

was, like the son of Semele, first ushered into the world 
amid smoke and flame, you would find the scene such 
as poets might well desire to contemplate, or solicit the 
aid of their muse adequately to describe. For many ages, 
what now exists as the picturesque tract of hill and valley 
attached to old llolyrood, and to which the privileges 
of the court still extend, had existed as a tract of shallow 
sea, darkened, when the tide fell, by algsB-covered rocks 
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and banks, and much beaten by waves. From time im- 
memorial has the portion of the earth^s crust which under- 
lies that shallow sea been a scene of deep-seated igneous 
action. Vast beds of trappean rock — greenstone, and 
columnar basalt, and amygdaloidal porphyry — have been 
wedged from beneath, as molten injections, between the 
old sedimentary strata; vast waves of translation have 
come rolling onwards from that disturbed centre, as some 
submarine hill, elevated by the force of the fiery injection 
— as the platform of a hydraulic press is elevated when 
the pump is plied — has raised its broad back over the 
tide, only, however, to yield piecemeal to the denuding 
currents and the storm-raised surf of centuries. And 
now, for day after day has there been a succession of 
earthquake shocks, that, as the plutonic paroxysm in- 
creases in intensity, become stronger and more frequent, 
and the mountain waves roll outwards in ever-widening 
circles, to rise and fall in distant and solitary seas, or 
to break in long lines of foam on nameless islands un- 
known to the geographer. And over the roar of waves or 
the rush of tides we may hear the growlings of a subter- 
ranean thunder, that now dies away in low, deep mutter- 
ings, and now, ere some fresh earthquake-shock tempests 
the sea, bellows wildly from the abyss. The billows fall 
back in boiling eddies; the solid strata are upheaved 
into a fiat dome, crusted with corals and shells ; it cracks, 
it severs, a dark gulf yawns suddenly in the midst; a 
dense, strongly variegated cloud of mingled smoke and 
steam arises black as midnight in its central volumes, 
but chequered, where the boiling waves hiss at its edge, 
with wreaths of white ; and anon with the noise of many 
waters, a broad sheet of fl«ame rushes upwards a thousand 
fathoms into the sky. Vast masses of molten rock, that 
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glow red amid even the light of day, are harled into the 
air, and then, with hollow sound, fall back into the chasm, 
or, descending hissing amid the vexed waters, fling high 
the hot sprays and send the cross circlets of wave which 
they raise athwart the hcavings of the huger billows pro- 
pelled from the disturbed centre within. The crater rises 
as the thick showers of ashes descend; and amid the 
rending of rocks, the roaring of flames, the dashings of 
waves, the hissings of submerged lava, and the hollow 
grumblings of the abyss, the darkness of a starless night 
descends upon the deep. Anon, and we are startled by 
the shock of yet another and more terrible earthquake; 
yet another column of flame rushes into the sky, casting a 
lurid illumination on the thick rolling reek and the pitchy 
heavins^ of the wave ; seen but for a moment, we may 
mark tlie silvery glitter of scales, for there is a shoal of 
dead fish floating past ; and as the coruscations of an 
electric lightning dails in a thousand fiery tongues fix)m 
the cloud, some startled monster of the deep bellows in 
terror from the dank sea beyond. 

Let us raise the curtain once more from over the past of 
the trap districts of Scotland. Myriads of ages have 
come and gone ; the submarine volcano has been long 
extinguished ; and the land, elevated high over the waters, 
has become a scene of human habitation. But the wild 
country, marked by the well-known features of abrupt 
precipitous hill and deep retiring valley, is roughened 
by many a shaggy wood, and gleams with many a blue 
lochan, and even its richer plains are but partially broken 
up by the plough. And lo ! the trappean centres of the 
district are scenes of fierce war, as of old ; but it is not 
the dead uninformed elements, — fire, earth, and water, — 
but energetic, impassioned man, that now contends, and 



LBCTUBES ON OEOLOOT. 15T 

in fierce warfare battles, with his kind. Yonder, on its 
trap rock, once the crater of a volcano, is the fortress of 
the Bass, the stronghold that last surrendered in Biitain 
to William of Nassau; and yonder, on its trap rock, 
the castle of Dunbar, that brave black Agnes held out 
in so determined a spirit against the English ; and yonder, 
on its trap rock, the castle of Dirleton, which stood siege 
in behalf of our country against Edward I. ; and yonder, 
on its trap rock, scaled by Lord Randolph of old when he 
warred for the Bruce, is the castle of Edinburgh, the 
scene of a hundred fights, and surrounded by the halo 
of a thousand historic associations; and yonder, on its 
trap rock, is the castle of Stirling, with the battle-ground 
of Scotland at its feet, and to maintain which against 
the greatest of our Scottish kings, the second Edward 
vainly fought the battle of Bannockbum ; and yonder, on 
its trap rock, is the castle of Dumbarton, long impregna- 
ble, but which the soldier of the Reformation won at such 
fearful risk from the partisans of Mary. I remember at 
one time deeming it not a little curious that the early 
geological history of a country should often, as in thft 
instance, seem typical of its subsequent civil history. If 
a country's geologic history had been very disturbed, — if 
the trap rock had broken out from below, and tilted up its 
strata in a thousand abrupt angles, steep precipices, and 
yawning chasms, I found the chances as ten to one that 
there succeeded, when man came upon the scene, a his« 
tory, scarce less disturbed, of fierce wars, protracted sieges, 
and desperate battles. The stormy morning during which 
merely the angry elements had contended, I found suc- 
ceeded in almost every instance by a stormy day, mad- 
dened by the turmoil of human passion. But a little re- 
flection dissipated the mystery ; though it served to show 
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throngh what immense periods mere physical causes may 
continue to operate with moral effect, and how, in the 
purposes of Him who saw the end from the beginning, a 
scene of fiery confusion — of roaring waves and heaving 
earthquakes, of ascending hills and deepening valleys — 
may have been closely associated with the right develop- 
ment and ultimate dignity and happiness of the moral 
agent of creation, — unborn at the time, — reasoning, re- 
sponsible man. It is amid these centres of geolo^c dis- 
turbance, the natural strongholds of the earth, that the 
true battles of the race, the battles of civilization and civil 
liberty, have been successfully maintained by handfuls of 
hardy men, against the despot-led myriads of the plains. 
In glancing over a map of Europe and the countries 
adjacent, on which the mountain groups are marked, you 
will at once perceive that Greece and the Holy Land, 
Scotland and the Swiss cantons, formed centres of great 
plutonic disturbance of this character. They had each 
their geologic tremors and perturbations, — their pro- 
tracted periods of eruption and earthquake, — long ere 
their analogous civil history, with its ages of convulsion 
and revolution, in which man was the agent, had yet com- 
menced its course. And, indirectly at least, the disturbed 
civil history was in each instance a consequence of the 
disturbed geologic one. 

From the Tertiary deposits we pass direct to the few 
scattered remains which survive in Scotland of the Cre- 
taceous period. It is now nearly thirty years since it was 
found by geologists that chalk flints inclosing in many 
specimens the peculiar organisms of the system, occur in 
the superficial deposits of Banff and Aberdeenshires ; and 
about three years ago they were also discovered by a very 
ingenious man, a Thurso tradesman, Mr. Robert Dick, in 
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tlic boulder-clays of Caithness. It is, however, a carious 
fact, that what the geologist has only come to know within 
the coarse of the present generation was well known to 
the wild aboriginal inhabitants of the coantry some three 
or foar thousand years ago. Well-nigh one half the 
ancient arrow and smaller jayelin heads of the stone- 
period in Scotland, especially those found to the north 
of the Grampians, were fashioned out of the yellow Aber- 
deenshire flints. A history of those arts of savage life 
which the coarse of discovery served to supplant and 
obliterate, but which could not be carried on without a 
knowledge of substances and qualities afterwards lost, 
until re-discovered by scientific curiosity, would form an 
exceedingly curious one. On finding, a good many years 
ago, a vein of a bituminous jet in one of the ichthyolito 
beds of the Old Red Sandstone of Ross, — beds unknown 
at the time to even our first geologists, — it curiously 
impressed me to remember that my discovery was, after 
all, only a discovery at second-hand ; for that in an un- 
glazed hand-made urn of apparently a very early period, 
dug up in the neighborhood only a few years before, 
there had been found a very primitive necklace, fashioned 
out of evidently the same jet. It would seem that to 
these ichthyolite beds, unknown at the time in the district 
to all but myself the savage inhabitants had had recourse 
for the materials for their rude oiiiaments thousands of 
yojirs before. They were mineralogists enough, too, as 
their stone hatchets and battle-axes testify, to know where 
the best tool and weapon-making rocks occur; and I once 
found in a northern locality a battle-axe of an exceeding 
strong and tough variety of indurated talc, that nearly 
approached in character to the axe-stone of Werner, which, 
if native to Scotland at all, is so in some primary district 
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The chalk fiagm c uu and Uinta of Caithness and Banff 
to have been carried eastward on the occidental 
cwmmt of the Fleistoeene period, — those of the one 
c^wntT fi>Mn that weetem portion of the chalk ring or 
giiUW to wludi I hare alivady referred as lying in the 
Atlantic* and those of the other from that eastern portion 
of the ring which b buried in the outer reaches of the 
MoTiv Frith. In Aber\ieenshiref however, some twenty 
nul«« or so to the north of the city, in the parish of Ellon 
and some of the contiguous parishes, and running at a 
considerable distance inland in a line nearly parallel to 
the coasu the flinu so abound, and, unlike those of the 
English graTels, are so little water-worn as to give evi- 
dence that they must have been derived from the disinte- 
gration of outliers of the system that once existed, it is 
probable, in their immediate neighborhood. They over- 
lie, too, in some parts of this locality, what seems to be a 
re-formation of the greensand; of which the soft, inco- 
herent masses, containing, as they do, in some, in a good 
state of keeping, some of the more fragile organisms of 
the deposit, could not possibly have travelled for. The 
lossils of our chalk flints and of the underlying greensand 
ftro sufficiently numerous and characteristic to serve the 
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purpose of identifying the worn and scattered deposits in 
which they occor with the amply developed chalks and 
greensands of England, bat perhaps not sufficiently so, nor 
yet always in a sufficiently fine state of preservation, to 
Tender the district a very hopeful scene of labor to the col- 
lector desirous absolutely to extend our knowledge of the 
extinct forms of life. I have seen, however, especially in 
the collections of Dr. Fleming, the Rev. Mr. Longmuir, of 
Aberdeen, and Mr. Fergnsson, of Glasgow, fine and very 
characteristic specimens of the Scotch Chalk, — delicate 
fiustra sponges and corals locked up in flint, — well- 
mariced portions of the sea-egg order (Echinidae) belong- 
ing to the cidarite, galerite, and spatangus families,-^ 
terebratulaB of various species, — good specimens of that 
very characteristic conchifer of the Chalk, the Inoceramus, 
— with casts of minute belemnites and portions of ammo- 
nites and baculites. The group of remains preserved is 
unequivocally that of the Cretaceous fauna, just as Scot- 
land has also a group of archaeological remains decidedly 
Roman ; though in either case these remains serve but for 
purposes of identification with larger groups elsewhere : 
and in order thoroughly to study either the one or the 
other, the antiquary or geologist would have to remove 
from what is equally the outskirts of the old Roman or 
old Cretaceous empire, towards its centre in the south. 

All our geologists agree in holding that the Chalk was 
deposited in an ocean of very considerable depth, and of 
such extent that it must have covered for many ages the 
greater part of what is now southern and central Europe. 
It has been traced in one direction from the north of Ire- 
land to the Crimea in Southern Russia, a distance of about 
twelve hundred miles ; and in another direction from the 
south of Sweden to the southwest of France, a distance of 
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xHkisi soie InaidTT^ sBeF : and tl^re are extenaTe districts 
bfc^ is FraiMV' sod Ensiind wbere it attains to an average 
tiufkne^ c«f 2K< iesF tb^ii a thousand ieet. The only anal- 
<^*«c» i^-ost of the present time oocors on comparatiYely 
a smaZ sfM^ aizK>^ the corsDine leefii and lagoons of the 
Piir£c« vimv there is in the act of forming an impalpable 
wi^e send ocfipcid £vhb the corals, which in dried speci- 
ttcuks cams:* Ke i&<zsgiudied bj the unassisted eye fixnn 
iLiassv^s v£ j^-<t cfaA Bat what chiefly distingaishes the 
true ci;jilk f^wi any of its Biodem representatives is the 
anr.tif^j: xxssber of micrviscopic animals which it contiuns. 
Ob a k^w estimase, half its entire balk is composed of 
aftiscjLtfCLlites of snch amaring minuteness, that it has been 
calcolited by Ehrenber^ that each cubic inch of chalk may 
coct-iin t:rw:ir\i$ of a million of the shells of these crea- 
turvsw TLe oh:iIk rv»ok< so characteristic of the sister king- 
docx bjkve be^n ot^cti sang by the poets as 

T^«tf tv:^^ s*m"* tvricr." 

AnvL in esreciaL one "^ chalky bourn of dread and dizzy 
summit ~ has lx»t?n made by the greatest of poets the sub- 
ject of the sublimest Jesoription of a giddy, awe-inspiring 
precipice ever drawn. And here is there a new associa- 
tion with which to connect the chalk clitfs of En^rland. 
Every frasrmeut of these cliffs was once associated with 
animal life; that impalpable white dust which gives a 
milky hue to the waves :is they d.ash against them, consists 
of curiously orgiinized skeletons ; even the white line which 
I draw along the board, were our eyes to be suddenly 
endowed with a high microscopic power, would resem- 
ble part of the wall of a grotto covered over with shells. 
And, embedded in this mass of minute, nicely-framed 
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invisibilities, — Polythalamia, Foraminifera, Polyporia, and 
DiatomacesB, — we find fossils of larger size, such as Spa- 
Umgua-cor and the spiny Plagioatonui^ which seem to 
have found proper habitats in the mud formed i)y the 
dead remains of these animalculae. Curious examples of 
a similar kind may be still seen among the Hebrides, of 
sand-burrowing molluscs and echinoderms finding habitats 
amid accumulations of the debris of organic life, chiefly 
comminuted shells, on coasts where otherwise there could 
have been no place for them. The deep-sea shells pro- 
pelled shorewards by the agency of tides and waves are 
ground down by the action of the surf against the rocks. 
They may be seen occurring in the hollows of the skerries, 
as one passes shorewards along some of the rocky bays, 
in handfuls of more and more comminuted fragments, just 
as, in passing along the successive vats of a paper-mill, one 
finds the linen rags more and more disintegrated by the 
cylinders ; and then, within some sheltering shelf or ledge, 
we find the gathered {^andfuls of former ages spreading 
into a wave-rippled beach of minute shelly particles, that 
presents, save in its snow-white color, the appearance of 
sandy beaches of the ordinary mineral components. But 
the beach once formed in this way soon begins to receive 
accessions from the exuvia? of animals that love such 
localities, — spatangi, razor-fish, cockles, and the several 
varieties of the gaper family, — and that enjoy life agree- 
ably to their natures and constitutions, not the least sad- 
dened by the idea that they are living amid the rubbish of 
a charnel-house ; and sometimes one-half the whole be.'ich 
comes thus to be composed of a class of remains that, save 
for the previous existence of the other half of it, could not 
have been formed in such localities at all. Now, such 
must have been the state of matters in the times of the 
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sea ; fishes of long extinct species dart with sudden gleam 
through its middle depths; and far below, on its white 
floor, the sea urchin creeps, and the spatangus bun'ows, 
and crania and terebratulse have cast anchor, and the 
Crista GaUi (or carinated oyster) opens its curiously 
plicated valves, carved with the zigzag mouldings of a 
Xorman doorway, and the flower-like marsupite expands 
its living petals. And, dim and distant in the direction 
of the future Grampians, we may espy a cloud-enveloped 
island ; but such is its remoteness, and such the envelof»ing 
haze, that we can know little more than that it bears along 
its shores and on its middle heiglits a forest of nameless 
trees, unchronicled by the fossil botanist. 

In bringing to a close this part of my subject, let me 
here remark, that, if we except the obscure and humbly 
organized diatomaceae, — a microscopic family of organ- 
isms which some of our authorities deem animal and some 
vegetable, and of which hundreds and thousands would 
find ample room in a single drop of water, — we have 
now reached a point in the history of our country, in 
which there existed no species of plant or animal that 
exists at the present time. Not a reptile, fish, mollusc, or 
zoophyte of the Cretaceous system continues to live. We 
know that it is appointed for all individuals once to die, 
whatever their tribe or family, because hitherto all indi- 
viduals Jiave dftd ; and Geology, by extending our expe- 
rience, shows us that the same fate awaits on species as on 
the individuals that compose them. In the one case, too, 
as in the other, death has its special laws; but the laws 
which determine the life and death of species seem widely 
difiTcrent from those which regulate the life and death of 
individuals and generations. In general, and with but a 
few exceptions in favor of the cold-blooded division of the 
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TCfftcbratiit ikt fc^hcr onlcr of mimalii live longest. A 
waan BUT ffsniTe for a kundRd jean; an ephemera 
burst* fivMn its dieil in the morning and dies at night. 
But it i§ fv othenrise vith the higher orders of species. 
llf^BSCs and corals oatfire the Tertebtata; and tribes of 
the low infbsoiT animaU oatliTe molluscs and corals. We 

know not that a sii^e shell of at least the latter Pleis- 

• 

toeene period has become extinct ; bat man j of its noblest 
qoadnipedsy sadi as the Irish elk, the cave-bear, tiger, and 
hvena, and the northern rhinoceros, hippopotamus, and 
elephant, exist no longer. And as we rise into the remote 
past, and take farewell, one after one, of even the lower 
forms, — shells and corals, — and get into a formation all 
of whose visible organisms are old-fashioned and extinct, 
we applv the microscof»e to its impalpable dost, and again, 
among still hombler and lowlier shapes, find ourselves in 
the presence of the familiar and the recent. In another 
sense than that which the old ]>oet contemplated, we learn 
from the history of species that the most lowly are the 
most safe. 

" The tallest pines feel most the power 
Of wintry blasts : the loftiest tower 

Comes heaviest to the groand. 
The bolts that spare the mountain side 
His cloud-cap't eminence divide. 

And spread the ruin round." 

How long some of these extinct species may have lived 
we know not, and may never know ; but in all cases their 
term of existence must have been very extended. Even 
the extinct elephant lived long enough as a species to 
whiten the plains of Siberia with huge bones, and to form 
quarries of ivory that have furnished the ivory market 
for year after year with its largest supplies. And of some 
of the humbler species of animals, the period during which 
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they have continued to live iniist have been vastly more 
protracted. Cyprina Islandica seems to have come into 
existence at least as early as the fossil elephant ; and now, 
thousands of years after the boreal pachyderm is gone, the 
boreal shell still exists by millions, and evinces no symp- 
tom of decline. And yet, since the c6mmencemcnt of the 
great Tertiary division, series of shells, as hardy, appar« 
ently, as Cyprina, have in succession come into being, and 
then ceased to be. The period over which we have passed 
includes generations of species. But there was space 
enough for them all in the bygone eternity. It has some- 
times appeared to me as i^ from our own weak inability 
to conceive of the upper reaches of that awful tide of 
continuity which had no beginning, and of which the 
measured shi-eds and fi*agments constitute time, we had 
become jealous lest even God Himself should have wrought 
in it during other than a brief and limited space, with 
which our small faculties could easily grapple. 

" Oh, who can strive 
To comprehend the vast, the awful truth 
Of the eternity that hath gone by, 
And not recoil from the dismaying sense 
Of human impotence ! The life of man 
Is summed in birthdays and in sepulchres. 
But the eternal God had no beginning." 

There are two great infinites, — the infinite in space 
and the infinite in time. It were well, surely, to be hum- 
ble enough to aclcnowledge it accordant to all analogy, 
that as He who inhabits eternity has filled the one limit- 
less void — that of space — with world upon world and 
system upon system, far beyond the reach of human ken. 
He should also have wrought in the other limitless world 
— that of time — for age after age, and period after period, 
far beyond the reach of human conception. 
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T?:i^ r"k^:i.- Trrrvjt.L with ::> tfcr«? strands of black, 
^'^ Ti. i.-.l r^iT, <.v~T. bv :h«: 5vbi! in *^ Gov Mannerins:," 
V-'-;*^ s>s' 5;i: L A "^f^l! hirk. but not a haill ane:'' the 

>:,:*: c "■;'•; :.\\* .-■: viir* which i: svmbolized ^was tbrice 

-« • • 

br*«.ki-r- ,ir,: :hr..-v :o isrv." I have sometimes thought of 
ihA: w.^ricrru'.'v r-::r.ir-evi an.i vijinouslv colored thread of 
^v.s:t'rce whivh iu-^^xt. :> frora the eariiest periods known 
ro the 5^x^!v^r->: ^tv^wr. :o our own times, as not unaptly 
ivvr\>«t^r.u\l bv th.il rrvviuoexl on this occasion firora the 
s|»:«ale ot* the i^i^sv. Wo l:nd, in its general tissue, species 
iwiorlaotvl wi:h and laying hoM of species, as. in the thread, 
fibrx.^ is intorl:K\sl with and la}-s hold of fibre; and as by 
this HrrangxMuent the tihres, though not themselves continu- 
ous, but of very limited length, form a continuous cord, so 
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species of limited duration, that at certain parts in the 
course of time began to be, and at certain other parts 
became extinct, form throughout immensely extended 
periods a continuous cord of existence. New species had 
come into being ere the old ones dropped away and disap- 
peared ; and there occurred for long ages no break or 
hiatus in the course, just as in the human family there 
occurs no abrupt break or hiatus, from the circumstance 
that new generations come upon the stage ere the old 
ones make their final exit. But in the geological thread, 
as in that of the sybil, the continuity is twice abruptly 
broken, and the thread itself divided, in consequence, into 
three parts. It is continuous from the present time up to 
the commencement of the Tertiaiy period ; and then so 
abrupt a break occurs, that, with the exception of the 
microscopic diatomacea?, to which I last evening referred, 
and of one shell and one coral, not a single species crosses 
the gap. On its farther or remoter side, however, where 
the Secondary division closes, the intermingling of species 
again begins, and nms on till the commencement of this 
great Secondary division; and then, just where the Pa- 
laeozoic division closes, we find another abrupt break, 
crossed, if crossed at all, — for there still exists some doubt 
on the subject, — by but two species of plant.^ And then, 
from the farther side of this second gap the thread of 
being continues unbroken, until we find it terminating 
with the first beginnings of life upon our planet. Why 
these strange gaps should occur, — why the long descend- 
ing cord of organic existence should be thus mysteriously 
broken in three, — we know not yet, and never may ; but, 

^ For a reference to the research of the last two years, which has been 
bnsUy at work upon this precise epoch, sec Preface. 
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many ages along these parts of Kent, Sarrey, and Sussex, 
known as the Valley of the Weald. The banks of this 
old nameless river were covered with forests of coniferous 
trees of the Pine and Araucarian &milies, with cycadeaa 
and ferns, and were haunted by gigantic reptiles, herbiv- 
orous and carnivorous, some of which rivalled in bulk the 
mammoth and the elephant; its waters were inhabited by 
amphibian of the same great class, chiefly crocodiles and 
cheloniaus of extinct species and type ; by numerous fishes, 
too, of the old ganoid order ; and by shells whose £imilies, 
and even genera, still exist in our pools and rivers, though 
the species be all gone. Winged reptiles, too, occasionally 
flitted amid its woods, or sped over its broad bosom ; and 
insects of the same family as that to which our dragon flies 
belong spent the first two stages of their existence at the 
bottom of its pools and shallows, and the terminal one in 
darting over it on their wings of delicate gauze in quest of 
their prey. It is stated by Dr. Mantell, our highest author- 
ity on the subject of the Weald, that the delta of this 
great river is about two thousand feet in thickness, — a 
thickness which quadruples that of the delta of the Mis- 
sissippL There can be little doubt that the American 
"Father of Waters" is a very ancient river; and yet it 
would seem that this river of the Wealden, which has now 
existed for myriads of ages in but its fossilized remains, 
hidden under the Wolds of Surrey and Kent, — this old 
river, which flowed over where the ocean of the Oolite 
once had been, and in turn gave place and was overflowed 
by the ocean of the Chalk, — continued to roll its down- 
ward waters amid forests as dense and as thickly inhabited 
as those of the great American valley, during a period per- 
haps four times as extended. 

Compared with the English formation of the Weald^ 
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aci^-^S w»i of Kljiii. in;o low swell in^r hllis, resting on 
t\< vV; K.'l Sir. ;>:*'^ni- of the district, and so thoroughly 
>*fr-i ;" <:o: f^>"^ ivery Oihor rook of the same age, that they 
h.txo Tx'v.'.v. u\; ne v*f 'k-*aobc-i hillc'oks of debris and ashes 
s.V.^ ,.;,^^'^ on ;*'o >;:rfi.'v of s*^me am-ient moor by some 
iv^:><;.iVr*i: f'irrtto*, who ]i\.\ contemplated bringing the 
YE^^o uiHier subHvtion to the plough. But though value- 
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leas, from tbeir detached character, for determining the 
place of the formation, they serve better than the inter- 
calated beds of Ross, Skye, and Sutherland, to establish 
bj their animal remains the palseontological identity of the 
Scotch with the Englbh Wealden. 

Rather more than twelve years ago, the late Dr. John 
Malcolmson, of Madras, — a zealous and accomplished ge- 
ologist, too early lost to science and his friends, — brought 
with him, when on a visit to the Continent, several speci- 
mens of ichthyic remains from a Morayshire deposit, and 
submitted them to Agassiz. ^ Permit me," said the natur- 
alist, '^ to find out for myself the formation to which they 
belong." He passed hand and eye over tooth and spine, 
plate and bone, and at length set his finger on a single 
scale of rhomboidal form and brightly enamelled surface. 
**Some of these teeth," he said, " belong to the genus Hybo- 
dus, but the species are new, and the genus itself has a wide 
range. Here, however, is something more determinate. 
This scale belongs to the Lepidotus minor^ or ichtbyolite 
of the Weald, and one of the most characteristic fishes 
of the great fresh-water formation of Surrey and Kent." 
The fossils on which the distinguished ichthyologist thus 
promptly, and, as it proved, correctly decided, had been 
collected by Mr. Malcolmson from the Wealden outlier 
at Linksfiekl; and the ichtbyolite which he so specially 
singled out — the Lepidotus — seems to have been a 
fresh-water fish of the nearly extinct ganoid order, and 
more nearly akin to the Lepidostcus of the North Ameri- 
can rivers and lakes than to any other fish that now exists. 
By much the greater number of its contemporaries in the 
deposit also belonged to lakes and rivers. Some of the 
limestone slabs are thickly covered over by fresh-water 
shells, of types very much akin to those which still occur 

15* 
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in our pools and ditches, such as Planorbis and Paladina. 
It presents also beds of a fresh-water mussel akin to a 
mussel of the English Weald, — MytUus JLydlii / and it 
so abounds in the remains of those minute, one-eyed crus- 
taceans known as the Cy prides, that the vast numbers of 
their egg-shaped shelly cases give to some of the beds a 
structure resembling the roe of a fish. It contains, too, 
bones of a species of tortoise, and several other decidedly 
fresh-water remains ; while another class of its organisms 
8er>'0 to show that it was occasionally visited by denizens 
of the sea. It has furnished specimens of bones and teeth 
of Plesiosaurus, — a marine re])ti!e ; and some of the upper 
beds contain a small oyster ; while a class of its remains, 
— the teeth and huge dorsal spines of Ilybodonts, an ex- 
tinct family of sharks, — though they may have been fitted 
to sustain life in brackish water, seem to indicate rather a 
sea than a lacustrine or river hnbitat. The deposit took 
place in all probability in the upper reaches of an estuary 
operated upon by the tides, and at one time fresh and at 
another brackish, and where, in a certain debatable tract, 
the fishes, reptiles, and shells of the river met and mingled 
with the fishes, rej>tlles, and shells of the sea. I may men- 
tion, that in the immediate neighborhood of the fresh-water 
or Weald beds, intercalated, as in Ross and Sutherland, 
with the marine deposits of the Lias or Oolite, there al- 
WJiys occur beds of a species of shell which, though it ex- 
hibits internally a peculiar structure of hinge, unlike any 
other known to the conchologist, beai*s externally very 
much the appearance of a mytihis or mussel It seems to 
have lived in brackish water, and to have marked a tran- 
sition stage between the marine and lacustrine, — the salt 
and the fresh ; for immediately under or over it, as the 
case occurs, the explorer is ever sure to find productions of 
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the land or of fresb water, — lake or river shells, such as 
cyclas or paludina, or portions of terrestrial plants, and oc* 
casionally of fresh-water tortoises. This transition shell is 
known as the Pema. These notices you will, I am afraid, 
deem tediously minute ; but they indulge us with at least 
a glimpse of a portion of what is now our country during 
an immensely extended period, of which no other record 
exists. Where some nameless river enters the sea, we de- 
termine, as through a thick fog, which conceals the line of 
banks on either hand, that the waters swarm with life, rep- 
tilian and ichthyic : the glossy scales of the river Ijepidotus 
gleam bright through the depths; while the shark-like 
Hyhodus from the distant ocean shows above the surface 
his long dorsal fin, armed with its thorny spine ; and over 
beds of shells of mingled character, a carnivorous fresh- 
water tortoise, akin to the fierce Trionyx of the southern 
parts of North America, meets with the scarce more form- 
idable sea-bom Plesiosaurus. 

In these Morayshire outliers of the Weald we first find 
in situ in our country (for we need scarce take into account 
the Tertiary beds of Mull), fossiliferous deposits that have 
been converted into solid rock ; and certainly the appear- 
ance of some of the sections is such as to awaken curiosity. 
In the section of Linksfield, in the neighborhood of Elgin, 
though the thickness of the deposit does not exceed forty 
feet, there occur numerous alternations of argillaceous and 
calcareous beds, differing from each other in color and 
quality, and not unfrequently in their fossils also ; and each 
of whict evidently represents a state of things which ob- 
tained during the period of their dci>osition, distinct from 
the preceding and succeeding states.^ Strata of gray, 

1 Fielding, in his " Voyaj^o to Lislion (1754)/' gives an account of an 
inaccessible bank of mod which stretched at low water between the shore 
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For from the imperial dome, to where the swain 
Kears the lone cotta^^ in the silent dale, 
All feel the assault of Fortune's fickle gale ; 
Arty empire, earth itself, to change are doomed : 
Earthquakes have raised to heaven the humble vale. 
And gulfs the mountain's mighty mass entombed; 
And where the Atlantic rolls, wide continents have bloomed. 

Regarded, too, as the record of, if I may go express my- 
^ self, a party-colored time, these party-colored layers are of 
no little interest. There forms in the recesses of the 
Northumbrian coal-pits a party-colored clay, consisting of 
gray and black layers, which, from a certain peculiarity to 
which I shall immediately advert, beara the name of Sab' 
b€Uh-^ton€. The springs which ooze into the pits are 
charged with a fine impalpable pipe-clay, which they 
deposit in the pools and watere of the deserted workings, 
and which is of a pale gray color approaching to white. 
When the miners are at work, however, a light black dust, 
fttrnck by their tools from the coal, and carried by cur- 
rents of air into the recesses of the mine, is deposited 
along with it; and, in consequence, each day's work is 
marked by a thin black layer in the mass, while each 
night during which there is a cessation of labor, is repre- 
sented by a pale layer, which exhibits the color natural to 
the clay. And when a cross section of the substance 
thus deposited comes to be made, every week of regular 
employment is found to be represented by a group of six 
black streaks closely lined off on a pale ground, and each 
Sabbath by a broad pale streak interposed between each 
group, — exactly such a space, in short, as a clerk, in keep- 
ing tally, would leave between his fagots of strokes. In 
this curious record a holiday takes its place among the 
working days, like a second Sabbath. "How comes this 
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whom m spedmen was shown at one of the pits. ^Thst 
blank Fridaj,** replied the foreman, ^was the day of the 
races.'' — *^ And what," said the visitor, ^ means this large 
empty space, a full fortnight in breadth and more?"— *^0, 
that space," rejoined the foreman, ^ shows the time of the* 
strike for wages : the men stood out for three weeks, and 
then gave in." In fine, the Sabbath-stone of the Nor^ 
thnmbrian mines b a sort of geologic register of the work 
done in them, — a sort of natural tally, in which the sedi-- 
mentary agent keeps the chalk, and which tells when the 
miners labor and when they rest, and whether they keep 
their Sabbaths intact or encroach upon them. One would, 
scarce expect to find of -transactions so humble a record in 
the heart of a stone ; but it may serve to show how very 
curious that narrative might be, could we but read it 
aright, which lies couched in the party-colored layers of 
the Morayshire "WealJen. All its many beds, green, 
black, and gray, argillaceous and calcareous, record the 
workings of nature, with her alternations of repose, in a 
time of frequent vicissitude, and amid its annals of chem- 
ical and mechanical change embody in many an episo- 
dical little passage its exhibitions of anatomical structure 
and its anecdotes of animal life. 

Before passing on to the Oolite, as developed in Scot- 
land, or rather to our Scotch deposits of the marine 
Oolite, — for what we call our Wealden is, as I have 
shown, merely an estuary or lacustrine Oolite, — let me 
solicit your attention to a few points illustrative of what 
may be termed the framework of our country. There are 
two sets of conditions under which land may arise from 
the ocean. Its hills and plateaus may be formed by the 
subterranean forces violently thrusting them up, like vast 
wedges, through the general crust of the earth, and high 
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OTer the ocean level ; or it may be broaght up to the light 
and air en mouse by a general elevation over wide areas 
of the unbroken crust itself; or land may again sink 
under these* two sets of conditions : it may sink in conse- 
quence of a breaking up and prostration of its framework 
to the average level of the crust, — of a striking back, 
if I may so speak, of the protruded wedges; or it may 
^nk in consequeiice of a general depression over a wide 
area of the {>ortion of the cnist on which its framework is 
erected. Thus Scotland might disappear under the waves, 
either by some violent earthquake convulsion that would 
strike down its hills and table-lands to the general level 
of the earth's crust, and of consequence wholly destroy its 
contour; or it might disappear through a gentle sinking 
of the area that it occupies, which would leave its general 
contour unchanged. Were there a depression to take place 
where it now rises, of but one foot in five hundred over 
an area a thousand miles square, its highest mountain 
summits would be buried beneath the sea, and yet the 
contour of the submerged land would remain almost iden- 
tically what it is, — it^ hills would retain the same relative 
elevation over its valleys, and its higher table-lands over 
its lower plains. Now, in the later ages of its history, — 
in those ages, for instance, in which the ice-laden ocean of 
the boulder-clay rose high along its hill-sides, and it ex- 
isted as a wintry arcl)ipelago of islands, — there seems to 
have taken place scarce any change in its framework : the 
depressions through which it sank, and the elevations 
through which it rose, seem to have been depressions 
and elevations of area; and, whether under or over the 
waves, it continued to retain its general contour. The 
last great change which affected its framework, and gave 
to it a different profile in relation to the general surface of 
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the globo from that which it had borne in the earlier ages, 
— the change which thnist np itB latcst-boru lines of 
mountains like weilgcs through the earth^s crust, — waa 
a change which took place a little posterior to that period 
of its history at which I am now arrived. We find that 
its last lines of hills disturbed and bore up with them 
de|H>sits of the Lias and of the Oolite, but of no later 
i\Mrtuations. The gigantic Ben Nevis and his Anakim 
Ivrvthren of the s:ime group were raising their heads 
and shoulders through the earth's crust, to form the future 
Umhnarks of our countr}', shortly after the period when 
ib^* rt\^r Lopidoids of the Wealden were disporting in 
ih^ :Miut^ brutish tract with Uie Hybodont sharks of its 
;K'vis. :uixl its frx'^h-water Chelonians and marine Plesiosauri 
m\*l AUvl iuxcnniucIiHl in the same neutral rocks of cs- 

Tiu' Uss ipxut pan>xysm of upheaval among our Scot- 
tish 'i*.*;iv.::uiis *^v;us to have ojH?nited in lines that trav- 
<frs«.\i i*^>.' v>^.i:!:rv di.ip.>n;illy from nearly south-west by 
*.»u;h is^ v.v^'\'<MS* by north, — the line indicated by that 
v»4* thv» i:tv«: CuU\Ioir.uu Vallev. We find a northern 
dUtnvc v»z' vVitsivlonibU- extent ploughed in this direction 
bv the ijtxMt |^tr:iHcl jrleus traversed by the Spey, the 
Kiiulhv^rtt^ the Nairn, auvl the Xesa. The northern shore 
vtf the Moray Frith, tvK\ with that remarkable line of hills 
which inoludes the Sutorsi of Cromarty, pertains to this 
system, as also the higher mountain range which rises 
along the evviist of Sutherland, and to which the Ord BKll 
of Cmthness Wlongs. These lines of hills, wherever they 
have come in c\>ntaot — as along the shores of the Moray 
Frith — with KhIs of the Lias and Oolite, have disturbed 
and tilte\l uj>, at a steep angle, their edges. The hill of 
Eathie, in the neighborhood of Cromarty, — a hill of the 



LECTURES ON GEOLOGT. 181 

scries IB which the two Sutors occur, — has at one place 
borne up the Lower Lias on its flanks at an single of eighty; 
and among the rocks of the Northern Sutor there is a tall 
precipice of the Old Red Sandstone, with an nptilted 
deposit of the Lias at its base, whose abrupt, dizzy front, 
once the haunt of the eagle, and still that of the blue 
hawk, was evidently, ere the elevation of the series, part 
of the horizontal platform on which the first Liassic stra- 
tum had been deposited. What was a flat submarine bot- 
tom then, is a steep ivy-mantled precij)ice now. Across 
the long deep valleys and mountain ridges of this last line 
of upheaval in Scotland, — the line to which Ben Xevis, 
Milfourveny, and the Ord Hill of Caithness belong, and 
whose period of elevation a high Continental authority, 
Elie de Beaumont, regards as identical with that of the 
Mont Pilas and Cote d'Or of France, — we find a greatly 
less continuous, because more interrupted and broken, set of 
ridges, running in a nearly westerly direction. The friths 
of Dornoch, Cromarty, and Beauly, with all the bays 
of Munlochy and Urquhart, Loch Oich and Loch Eil, 
which all strike westwards across the country from off" the 
great diagonal trench of the Caledonian Valley, indicate 
the direction of this second and earlier line of upheaval. 
I say earlier line. The hills of the diagonal Ben Nevis 
line disturbed and broke up the Oolite, whereas the hills 
of the transverse, or, as I may tenn it, Ben Weavis line, 
disturb^ and bore up with them nothing more modem 
than the Old Red Sandstone. I have described the 
northern part of the kingdom as consisting of a great 
Primary nucleus, surrounded by strata, more or less 
broken, of Old Red Sandstone, Lias, and Oolite.* Let 

1 To which is to be now added Silurian. 
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US now Airtber conceive of that nncleos as a stony field, 
that had been finit ploughed across and fretted into deep 
farrows and steep mountainoas ridges, and then in an after 
perioii plougheii diagonally, so as partially to effiu;e the 
former ploughing, so that only in the direction of the last 
ploughing do the ridges and furrows remain tolerably 
entire^ — let us, I say, conceive of sucli a ploughed field, 
and we will have a tolerably adequate conception, so far 
as it goes, of the framework of at least the northern 
|H>nioa of Scotland. In the southern part of the king- 
dom ihoTV is yet another line of elevation exhibited, 
who^ direction from nearlv north-east to south-west we 
find indicated by the nearly parallel lines in which the 
greater tl>nnations of the Lowland counties, from the clay- 
siates that fiank the Grampians, to the Grauwackes of the 
borilor dist riots, swoi*p across the country. I fear that the 
homely illust nit ions which I have to employ in rendering 
my $ubitvl cvnnpn»hcnsibk\ — such as wedges struck up- 
wanls tWm Wlow, — a lioKl first ploughed across and then 
diagvniaKv, — may have the etTci't of so reducing my sub- 
jtvt iu your nunds into a more model, that, through the 
mxvssary rvnluctum, more may l>e lost in expansiveness of 
filing than g:unod by any substitution of clearness of 
view. There can Ih> little doubt that in the conceptions 
of mind, as in the ci^lKK^ations of matter, the portable 
means the small; and that Goethe exercised his wonted 
shrewdness in remarking, that when the ancients spoke 
of the unmeasurable earth and the illimitable sea, it was 
with a pn>founder feeling than any now exercised by the 
geognipher in a time when every school-girl can tell that 
the world is round. You will, however, remember, that 
though my illustrations are small, my subject is large ; and 
such of my audience as have sailed over the profound 
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depths of Loch Ness, — depths greatly more profound than 
those of the German Ocean beyond, — and seen those 
lines of russet mountains, so often capped with cloud, and 
eo often, even at midsummer, streaked with snow, — that 
rise on either hand, and that inclose from sea to sea that 
mighty trench which the old unsophisticated Highlander 
learned to distinguish as the great Glen of Albyn, — when 
they call up to memory the noble features of the scene, — 
the long retiring vista on either hand, purple in the far 
distance, and remember that that vast rectilinear hollow 
forms but one of the plough furrows of my illustration, — 
they will see that that with which I am in reality deal- 
ing is the sublime of nature, and that even the details 
of my subject, rightly appreciated, are not suited to lower 
our conceptions of the wonderful workings of old of Him 
"who, by processes which science is but now aspiring to 
comprehend, "gathered the waters together into one place, 
that the dry land might appear," and laid the deep-seated 
^undation of the mighty hills. 

Let us now pass to the Oolite proper, and its base the 
Lias, as we find them developed in Scotland. They form 
fcut a comparatively small portion of the surface of the 
country, — not much more, it has been estimated, than 
•sixty square miles; nor can I refer definitely to any 
marked peculiaiity of scenery in the districts in which 
Ihey occur. The Oolites of Sutherland extend westwards 
nnd southwards from the Ord Hill of Caithness to the 
village of Golspie, a distance of about sixteen miles ; and 
form, under the rugged line of hills against whose flanks 
they recline, a green narrow strip of low country, that, 
where not too deeply covered up by debris of the Primary 
rocks, transported from the interior during the Pleistocene 
period, is, for its extent, of great agricultural value, and 

1 
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bean on its cultured sur&oe tbe rich fields and extenave 
wooila of Dunrobin, the stately castle of the old earis of 
Sutherland. Further to the west and south, along the 
eastern shores of Cromarty and Ross, detached patches of 
the laas occur, as at Shandwick, at the Northern Sutor 
of Cromarty, at the Southern Sutor, and at the Hill of 
Kathks— each patch occurring directly opposite, and lean- 
ing against, one of the upheaved hills, which, as I have 
alnNuly said, were undoubtedly the agents in raising and 
bringing il to the sur&ce. The Lias and Oolite also ap- 
piNiur on ihf^ southern side of the Moray Frith, in the 
tviuilm of Moray and Banl^ but merely as outliers of 
\tHr\ limiied extent, and sorely broken up or ground down 
by ih^ denuding Pleistocene agencies. On the western 
«svMLl v>f Svvtland the Lias may be seen on the mainland 
;iil Ap)4evTvv!^ and on the sides of Loch Aline, opposite 
th<^ Sxvnnd \>f Mull ; while in the inner Hebrides, it forms, 
>fcilh tho i\>litt\ though greatly overflown by trap, the 
ViMke v>f the lar>^T {virt of the island of Mull, of two of 
tW SauaII l;!de<$^ ^-i^ ^nd Muck, of Raza and Scalpa, and 
\»Jf Ur^ tr;iK'(» v^f the eastern and northern half of Skye. 
Al txt\v^lRM\U in the latter island, the Lias forms tbe 
Nkh\*le s>f the rtvh levt^l islet of Pabba, which, lying as 
Al AUs'hvvr \u its quiet Ki}\ rvminds one, from its prevail- 
ii^ \\4\vr and tv^rtu^ of one of the low, green steamboats 
\«f the iH\de« Op|H>site Pabba, the Liassic deposit sweeps 
a\^r\^«» the mainland of Skye th>m sea to sea, along a flat 
vallev s\nue two or three miles wide ; but while tbe mi- 
nute lias«io islet resembles^ from the softness of its out- 
line« an islet of Knglaud set down in ^ hill-enclosed bay 
of the Si\Utish Highlands, there is nothing English in the 
•e^niie character of the Liassic valley. It is a brown and 
»ouibr\> expanse of mai^ and moor, studded by blue. 
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flreary lochans, interesting, however, to the botanist, as 
the habitats of the rare JEriocaulon septanr/tdare. The 
waste is haunted, too, say the Highlanders, by Ludag, a 
malignant goblin, not more known elsewhere in Europe 
than the rare plant that in the last age used to be seen 
at dusk hopping with immense hops on its one leg, — for, 
unlike every other denizen of the supernatural world, it is 
not furnished with two, — and that, enveloped in rags, 
and with fierce misery in its hollow eye, has dealt heavy 
blows, it is said, on the cheeks of benighted travellers. 
Certainly a more appropriate spectre could scarce be sum- 
moned to walk at nights over the entombed remains of 
the old monsters of the Lias than one-legged Ludag, the 
goblin of the wastes of Broadford. Such, in brie^ is a 
summary of our Oolitic deposits. They occupy, as I have 
Baid, but a small portion of the surface of Scotland ; and, 
though coal has occasionally been wrought in them, and 
though they furnish in several localities supplies of lime 
and of building stone, their economic impoitance is com- 
paratively small. But a well-filled volume — the life- 
long work of some laborious chronicler — may have no 
economic importance in the lower and humbler sense, 
and may yet form a valuable record of bygone transac- 
tions and events suited to delight and instruct throughout 
all generations. And it is thus with the Oolitic deposits 
of Scotland. Their innumerable strata, closely written 
•* within and without " in a language in which every 
character is an organism, form the leaves of a record in 
which many of the marvellous existences that flourished 
during what are geologically the middle ages of our coun- 
try's history are well and wonderfully preserved. Instead 
of dissipating your attention by describing at length the 
fossils of its various deposits, I sliall attempt giving you 
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m genend idea of the whole under the ordinarj diYisioii 
of animal and Tegetable, as they have come to my knowl- 
edge daring the researches of at least thirty years. 

In one of its leatares Oolitic flora of what is now Scot- 
land must have resembled its flora in the present^ or rather 
in the past age, ere onr native pine-woods had yielded to 
the axe. Trees of the fir or pine division of the Ck>nifern, 
many of them of slow growth and large size, must have 
fiMrmetl huge forests in a province of the land of the Oolite 
which extended from what is now the island of Mull to 
the Ord Hill of Caithness. The Scuir of Eigg, a subaerial 
mole of columnar pitchstone, four hundred feet in height, 
and perched on the ridge of a tall hill, rests on the remains 
of a prostrated forest, as some of our submarine moles rest 
on foundations of piles. And of this forest all the trees 
seem to have consisted of one species, — a conifer of the 
Oolite now known to the fossil botanist as the Pinites 
Eiggtii^is^ or Eigg pine. Branches and portions of the 
trunks of a similar pine are not unfreqnent in the Lias of 
Eathie anvl Ross ; and in shale-beds of the Lower Oolite 
in the neiirhborhood of Helmsdale there occur in abun- 
dance fossil trunks and branches, mingled with cones and 
the narrow spiky leaflets characteristic of the family. I 
have reckoned in the transverse section of a Helmsdale 
pine-trunk about two feet in diameter, more than a hun- 
dred annual rings. And from the rings and roots of some 
of the others, its contemporaries, I found that curious 
insight might be derived respecting the state and condi- 
tion of vegetable life in the old Scotch woods of the 
Oolite. In the first place, the annual rings themselves 
told me, when exposed to transmitted light in the micro- 
scope, that the winters of that time gave vegetation as 
decided a check as our winters now. The tender woody 
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cells were first dwarfed and thickened in their formation 
by the strengthening of the autumnal cold, and then for 
a season they ceased to form altogether. But then the 
spring came, and over the hard concentric line drawn by 
the chill hand of winter they began to form themselves 
anew in full-sized luxuriance; and thus, year after year, 
and for century after century, the process went on. Some 
of these ancient pine-trees grew in rich sheltered hollows, 
and acquired bulk so rapidly, that they increased their 
diameter eight and a half inches in twenty years ; others 
grew so slowly, that they increased their diameter only 
two and a half inches in forty years. And it is a curious 
circumstance, that in both those of slower and of more 
rapid growth we find alternating groups of broader and 
narrower annual rings, indicating apparently groups of bet- 
ter and worse seasons. Lord Bacon remarks in one of his 
Essays, — the Essay on the Vicissitude of Things, — that 
it was a circumstance first observed in the Low Countries 
(the provinces of the Netherlands), that there were cer- 
tain meteorological cycles of seasons — groups of warmer 
and groups of colder summers, and of more temperate and 
of less temperate winters — which periodically came round 
again. And we have seen not very successful attempts 
made in our own times to measure these cycles, and reduce 
them to a formula, from which the nature of the coming 
seasons might be determined beforehand. But there can 
be little doubt — whatever the cause or the order of their 
occurrence — that alternations of groups of colder and 
warmer, better and worse seasons, do occur ; and it seems 
more than probable that, in obedience to some occult law, 
as little understood in the present age as when its opera- 
tions were first detected in the Netherlands, Scotland had 
in the times of the Oolite, as certainly as now, its alter 
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nating groups of chill and of genisl Bammera, and of tem- 
perate and severe winters. And the well-marked rings of 
its fossil ConiferaB remain to attest the &ct. We can eren 
determine the kind of soil into which a certain proportioa 
of these ancient pines struck root. It was extremely shal- 
low in some localities, and lay over a hard bottom. W« 
find that some of the fossil stumps shot out their roots 
horizontally immediately as they entered the earth, and 
sent down no vertical prolongations of the trunk into the 
subsoil, — an arrangement still common among the roots 
of trees planted on a shallow stratum of soil resting on a 
hard bottom. Further, we are still able to ascertain that 
the hard bottom that underlay the soil in which some of 
the Oolitic pines of Helmsdale grew was composed of Old 
Red flagstone, identical in its mineral composition and 
organic remains with what is now known as Caithness 
flag. 

But let us trace the history of a single pine-tree of the 
Oolite, as indicated by its petrified remains. This gnarled 
and twisted trunk once anchored its roots amid the cran- 
nies of a precipice of dark-gray sandstone, that rose over 
some nameless stream of tlie Oolite, in what is now the 
north of Scotland. The rock, wliich, notwithstanding its 
dingy color, was a deposit of tlie Lower Old Red Sand- 
stone, formed a member of tlie fish-beds of that system, 
— beds that were charged then, as now, with numerous 
fossils, as strange and obsolete in the creation of the Oolite 
as in the creation which at present exists. It was a firm, 
undestnictible stone, covered by a thin, barren soil ; and 
the twisted rootlets of the pine, rejected and thrown back* 
wards from its more solid planes, had to penetrate into its 
narrow fissures for a straitened and meagre subsistence. 
The tree grew but slowly : in considerably more than half 
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a century it had attained to a diameter of little more than 
ten inches a foot over the soil ; and its bent and twisted 
form gave evidence of the life of hardship to which it was 
exposed. It was, in truth, a picturesque rag of a tree, that 
for the first few feet twisted itself round like an overborne 
wrestler struggling to escape from under his enemy, and 
then struck out an abrupt angle, and stretched itself like 
a bent arm over the stream. It must have resembled, on 
its bald eminence, that pine-tree of a later time described 
by Scott, that high above ^ ash and oak," 

" Cast anchor in the rifled rock. 
And o'er the f^ddy chasm hanj; 
His shattered trunlc, and fVequent flanjE^, 
Where seemed the cliffs to meet on liigh. 
His bouf^hs athwart the narrowed sky." 

The seasons passed over it : every opening spring gave its 
fringe of tenderer green to its spiky foliage, and every 
returning autumn saw it shed its cones into the stream 
below. Many a delicate fern sprang up and decayed 
around its gnarled and fantastic root, single-leaved and 
simple of form, like the Scolopendria of our caverns and 
rock recesses, or fretted into many a slim pinnate leaflet, 
like the minute maiden-hair or the graceful lady-fern. 
Flying reptiles have perched amid its boughs ; the light- 
winged dragon-fly has darted on wings of gauze through 
the openings of its lesser twigs ; the tortoise and the lizard 
have hybemated during the chills of winter amid the hol- 
lows of its roots; for many years it formed one of the 
minor features in a wild picturesque scene, on which hu- 
man eye never looked ; and at length, touched by decay, 
its upper branches began to wither and bleach white in 
tlie winds of heaven ; when shaken by a sudden hurricane 
tkat came roaring adown the ravine, the mass of rock in 
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Tuft ronnd its stem, formed altogether but one plant. The 
Cycas is usually taller than Zamia; the leaves also, of 
the compound pinnate character, are smaller and more 
bushy ; and it resembles, as a whole, a decapitated palm, 
with a coronal of fern -bound atop, as if to conceal the 
mutilation. With these CycadacoB there flourished in the 
marshes of the period plants of a family still widely spread 
OTer the various climatal zones, but which now attain to 
any considerable size only within the tropics. I refer to 
the EquisctacesB, or horsetail family, — slim, cone-crowned 
plants, fringed with green verticillate leaves, or branches 
rather, and which in this country are rarely thicker than a 
quill, or rarely exceed eighteen inches in height, but which 
have been found in the intertropical swamps of South 
America fifteen feet high, and three inches in circumfer- 
ence at the lower part of the stem. ' In the Oolite of 
S<x>tland, a well-marked, long-extinct species, the Equise- 
turn columnare must have attained, judging from the 
thickness of the stem, which is sometimes full three inches 
in diameter, to at least thrice the size of its tropical con« 
geners. As shown by its remains, which occur in the 
lignite shales of Brora, it must have been a plant of con- 
siderable elegance of form, encircled at each joint in some 
of the specimens, by torus-like mouldings grooved cross- 
wise, traversed in the spaces between by longitudinal 
markings, delicately punctulated, and gracefully feathered 
from root to pointed top by its verticillate garlands of 
spiky leaves. The Lycopodiaceae or club-moss family, 
existing in rather massier and more aboraceous forms than 
now, though reduced in a greatly more than equal 'degree 
from their gigantic congeners of the Coal Measures, were 
also abundant (as shown by the rocks of Helmsdale) in 
the Oolitic flora of Scotland ; and with these there min- 
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gled various genera, oonristing of nnmeroiis epedes of 
well-marked ferns. Ferns, indeed, so fitr as we yet know, 
may be regarded as forming the base, and pines the apex, 
of the terrestrial Oolitic flora; and between these two 
extremes most of its other productions seem to have 
ranged. The CycadaceaB possess certain characten which 
belong to both : they are, if I may so speak, fern-pines, 
with, in some instances, a peculiarity of aspect which 
seems also to ally them to the palms. Again, the Lyoo- 
podiacesB, intermediate between the mosses and the ferns, 
may be described as fern-mosses, with a peculiarity of 
aspect in some of the Oolitic species that seems to ally 
them to the pines. And the £quisetaceaB belongs to at 
least the same sub-class as the ferns, — the Acrogens. 
The Palmae, as shown by the English deposits, were also 
present in the Oolitic flora: nor is it probable that a 
species of vegetation which the old Yorkshire of the 
Oolite possessed, the old Scotland of the Oolite should 
have wanted ; though I have not yet succeeded in finding 
the remains of palms in any of our Scotch deposits. 

The animal productions of our country during this early 
period were divided, like those of the present time, into 
the four great Cuvierian divisions, all of which we still 
find in a fossil state in our rocks. Corals ^in to the trop- 
ical forms, — some of them of great size, — with star-fishes 
and sea-eggs, represent the radiata ; a fossil lobster which 
occurs in the Lias of Cromarty somewhat meagrely repre- 
sents the articulata. The shelled mollusca we find very 
largely represented in almost all their classes and fiimilies, 
from the high Cephalopods to the low Brachipods ; and in 
this division the peculiar character of the Oolitic system is 
more strongly impressed than even on its flora. Its corals, 
though many of them of great size, as I have just said. 
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and of elegant form, might almost pass for those of the 
intertropical seas of the present day ; nor are its Crustacea 
and insects, even where best preserved, as in the Oolites 
of England, of a character widely different from those 
which still exist. But by much the larger part of its 
mollosca bear the stamp of a fashion that has perished. 
It is chiefly, however, in its molluscs of the first class, — 
the Cephalopods, — creatures of a high standing in their 
division, and represented in the present day by the nauti- 
lus and the cuttle-fish, that we recognize in its fullest extent 
this extinct peculiarity of type and form. Its Brachipods, 
chiefly terebratulse, not unfrequent in the Sutherland Ooli- 
tes, and in the Lias of Cromarty and Skyo, — its periwin- 
kles, whelks, aviculae, pinnse, pectens, oysters, and mussels, 
few of them wanting in any of our Scotch Liassic or Ooli- 
tic deposits, and many of them very abundant, though all 
specifically extinct, present us, though with a large admix- 
ture of strange and exotic foiins, with many other forms 
with which, generically, at least, we are familiar. But 
among the Cephalopods all is strange and unwonted ; and 
their vast numbers — gi-eater at this period of the world's 
history than in any former or any after time — have the 
effect of imparting their own unfamiliar character to the 
whole molluscan group of the Oolite. I need but refer to 
two families of these, — the Belemnite family and the fam- 
fly of the Ammonites ; both of them so remarkable, that 
they attracted in their focks the notice of the untaught 
inhabitants of both England and Scotland, and excited 
their imagination to the point at which myths and MAes 
«re produced, long ere Geology existed as a name or was 
\nown as a science. The Belemnites are the old thunder- 
bolts of the north of Scotland, that, in virtue of their sup- 
posed descent from heaven, were deemed all potent in 
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oertahi cases of bewitehm^it snd the Ammonites are 
those churned snakes of the medi»Yal legend^ 

** Tbmt cftdi one 
Was cfaiiiged into a oofl of ttooe^ 
When Iwlj Hilda pcajed.'' 

The exact affinities of the Belemnite fiunily have formed s 
subject of oontroTeisy of late years among our highest 
anthoritiesy — men such as Professor Owen taking np one 
mde, and men snch as Dr. Mantell the other. Bat there 
can be little donbt that it more nearly approached to oar 
existing cuttle-fishes than to any other living animals; 
while there is no qaestion that its contemporary the Am* 
monite is now most nearly represented, though of course 
only approximately, by the nautilus. The Belemnite ex- 
isted in some of its species throughout all the formations 
of the great Secondary division, but neither during those 
of the Palaeozoic nor yet of the Tertiary divisions ; the 
Ammonite, on the other hand, though in an extreme and 
aberrant form, preceded it by several formations, but be- 
came extinct at the same time, — neither Ammonite nor 
Belemnite outliving the deposition of the Chalk. 

The first great division of the animal kingdom, the 
vertebrata, was represented in Scotland during the Oolitic 
period by fishes and reptiles. Its fishes seem to have been 
restricted to two orders, — that placoid order to which the 
existing sharks belong, and thaf ganoid order, now well- 
nigh worn out in creation, to which the Lepidosteus of 
the North American lakes and rivers belongs, and to which 
I incidentally referred in connection with the Lepidotus 
of the Weald. I have found in the island of Eigg beds 
of a limestone composed almost entirely of fossil shells^ 
which were strewed over with the teeth of an extinct 
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genus of sharks, the Hybodonts; and I have seen the 
dorsal spines of the same placoid division occasionally 
occurring among the Oolites of Sutherland and the Lias 
of Eathie. And scales, cerebral plates, and in some in- 
stances considerable portions of individuals of the ganoidal 
species, glittering in the enamel to which they owe their 
name, occur in all the Oolitic deposits of Scotland. Of 
oar Scottish reptiles of the Oolite we have still a good 
deal to learn. I was fortunate enough in 1844 to find in 
a deposit of Eigg, and again at Helmsdale in 1849, the 
remains of several of its more characteristic Enaliosaurs, 
or bepaddled reptiles of the sea; at Helmsdale I found 
vertebral joints of the Ichthyosaurus in a conglomerate 
lower in the Oolite ; and in Eigg, in a stratum composed 
of littoral univalves, vertebral joints, phalanges, and por- 
tions of the humerus and of the pelvic arch of Plesiosau- 
rns, together with the limb-bones of crocodileans, and 
fragments of the carapace of a tortoise. Previous, how- 
ever, to even the earlier date of my discoveries, the tooth 
of a Saurian had been found in the Sutherlandshire Oolite 
by Mr. (now Sir Roderick) Murcbison, and the limb-bone 
of a Chelonian with a sauroid vertebra, in the outlier of 
the Morayshire Weald at Linksfield. My collection, how- 
ever, though still very inadequate in this department, con- 
tains, in quantity at least, and, I am disposed to think, in 
variety also, some eight or ten times more of the reptilian 
remains of Scotland, during the Secondary ages, than all 
the other collections of the kingdom. They at least serve 
to demonstrate that the Oolitic period in what is now our 
country was, as in England and on the Continent, a period 
of huge and monstrous reptiles, — that the bepaddled 
Enaliosaurs, the strange reptilian predecessors of the Ce- 
tacea, haunted our seas in at least two of their generic 
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fonn», — that of tbe Icbtbyosaar and that of the Ple- 
siosiiur; that oiir rivers were frequented by formidable 
crocodiles ; and that tortoises of various perished fspedeB 
lived in our lakes and marshes, or, according to their ii£- 
tures, disported on the drier grounds. Nor is it probable 
that the other reptilian monsters of the time, the con- 
temporaries of these creatnres in England, would have 
been wanting here. We may safely infer that flocks of 
Pterodactyles — reptiles mounted on bat-like wings, and 
as wild and monstrous in aspect and proportion as roman- 
cer of the olden time ever feigned — fluttered through 
the tall pine-forests, or perched on the cycadess and the 
tree-ferns; that the colossal Iguanodon and gigantic Hy- 
Iseosaurus browsed on the succulent equisetaceaa of the 
low meadows; that the minute Amphitbcrium, an insec- 
tivorous mammal of the period, lodged among the ferns 
on the drier grounds, wliere extinct grasshoppers chirped 
throughout the long bright summer, and antique coleoptera 
burrowed in the sand ; and that far off at sea there were 
moments when the sun gleamed bright on the polished 
sides of the enormous Cctiosaunis, as it rose from the bot- 
tom to breathe. But I must close this part of my subject, 
— the Scottish flora and fauna of the Oolite, — on which 
my narrow limits permit me, as you see, to touch at merely 
a few salient points, — with two brief remarks. First, 
So rich was its flora, that its remains formed on the east 
coast of Sutherland a coal, or rather lignite field, so con- 
siderable that it was wrought for greatly more than a cen- 
tury, — at one time to such effect, that during the twelve 
years which intervened between 1814 and 1826, no fewer 
than seventy thousand tons of coal were extracted from 
one pit. Second, The strange union which we find in the 
same beds of trees that seem to have languished under 
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chill and serere ekies, with plants, corals, and shells of a 
tropical or semi-tropical character, need not be re^rded 
as charged with aught like conflicting evidence respecting 
the climatal conditions of the time. Climate has its zones 
marked out as definitely by thousands of feet on our hill- 
ttdes as by degrees of latitude on the surface of the globe ; 
and if the Scotland of the Oolitic period was, as is prob- 
able, a mountainous country traversed by rivers, produo* 
lions of an intertropical, and of even a semi-arctic char- 
acter, may have been not only produced within less than 
a day^s journey of each other, but their remains may have 
been mingled by land-floods, as we find the huge corals of 
Helmsdale blent with its slow-growing pines, among the 
debris of some littoral bed. The poet's exquisite descrip- 
tion of Lebanon suggests, I am disposed to think, the true 
reading of the enigma : 

" Uke a glory the broad sun 
HangR over sainted Lebanon, 
Whose head in wintry grandeur towers, 

And whitens with eternal sleet; 
While summer, in a vale of flowers, 

Is sleeping rosy at his feet." 

The mere lists of the botanist and zoologist are in them- 
selves repulsive and un-ideaed; and yet the existences 
which their arbitrary signs represent are the vital marvels 
of creation, — the noble forests, fair shrubs, and delicate 
flowers, and the many-featured denizens of the animal 
world, so various in their forms, motions, and colors, and 
so wondrous in their structure and their instincts. I have 
been presenting you this evening with little else than a 
dry list of the Scottish productions of the Weaklen and 
Oolitic ages, — a list necessarily imperfect, and all the more 
nnsuggestive from the circumstance that, as myriads of 
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li»i dipied b e twg wi tbe extinction of the races and 
&n2cs vbk^ its agns represent, and their first appKca- 
tioa at» a^iKw ao these cigns^ their character as Tocahlesi 
heSottg to langw^es as deal as the oiganisms themselves. 
IW c<rsanifins were dead and haried, and converted into 
finite or ssone* long ages ere there was bingoage. enoagfa 
in the voHd to furnish them with names ; and now the 
dead has been emplovcd to desgnate the dead, — dead 
Isngsjces to designate the remains of dead creations. 
CocU we bat see the productions of our country as thejr 
CMKe nnliv existed. — could we travel backwards into the 
▼aidshed pAst« as we can descend into the strata that con- 
tain their remans;, and walk out into the woods, or along 
the sea-shoies of old Oolitic Scotlanii, — we should be 
greeted bv a succession of m:ir>-els stranj^e bevond even 
the c<»novv::ons of tbe poet, or at least only equalled by 
the crv:»tiv»u5 of him, who, in his adventurous song, sent 
jonh the L*ilv Una to wander over a fairj- land of dreary 
woivis anvi trackless forests, whose caverns were haunts of 
dra^^'ZLS and satyrs, and its hills the abodes 

"^ Of dmJfixl NMi5t¥. that, when thev drew to huide, 
Uj^'-HLvtnf and half-floating, in their haste, 

IHd with their lar|^^ne!^ raeasore o*er mach lande. 
And made wide shadow ander bulksome waist, 

A:» nKMintain doth the valley overcaste; 
Amt traiUng scaly tails did rear afore 

Bodies all monstrous, horibill, and vastc." 

Vel u*» however, ere we part for the evening, adventure a 
«Korl walk into the wiMs of the Oolitic, in that portion of 
)|i|vi^v now occupied on the surface of the globe by the 
1^x1*1 h'OHstom hills of Sutherland, where they abut on the 

\V «> Mtauil ou an elevated wood-covered ridge, that on 



LBOTUBES -ON GEOLOGY. . 199 

the one hand overlooks the blue sea, and descends on the 
other towards a broad river, beyond which there spreads a 
wide expanse of a mountainous, forest-covered country. 
The higher and more distant hills are dark with pines; 
and, save that the sun, already low in the sky, is flinging 
athwart them his yellow light and gilding, high over 
shaded dells and the deeper valleys, clifi^ and copse, and 
bare mossy summit, the general coloring of the background 
would be blue and cold. But the ray falls bright and 
warm on the rich vegetation around us, — tree-ferns, and 
tall club-mosses, and graceful palms, and the straugcly 
proportioned cycadacesB, whose leaves seem fronds of the 
bracken fixed upon decapitated stumps; and along the 
banks of the river we see tall, intensely green hedges of 
the feathered equisetaceaB. Brown cones and withered 
spiky leaves strew the ground; and scarce a hundred 
yards away there is a noble Araucarian, that raises, sphere^ 
like, its proud head more than a hundred feet over its 
fellows, and whose trunk, bedewed with odoriferous bal- 
sam, glistens to the sun. The calm stillness of the air 
makes itself faintly audible in the drowsy hum of insects ; 
there is a gorgeous light-poised dragon-fly darting hither 
and thither through the minuter gnat-like groupes; it 
settles for a moment on one of the lesser ferns, and a small 
insectivorous creature, scarce larger than a rat, issues 
noiselessly from its hole, and creeps stealthily towards it. 
But there is the whirr of wings heard overhead, and, lo! a 
monster descends, and the little mammal starts back into 
its hole. 'TIS a winged dragon of the Oolite, a carnivor- 
ous reptile, keen of eye and sharp of tooth, and that to the 
head and jaws of the crocodile adds the neck of a bird, the 
tail of an ordinary mammal, and that floats through the air 
on leathern wings resembling those of the great vampire 
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'bat. We hxwm seen* m Ike miiratc^ lat-fike ereatiire» one 
•f tbe two knova mammali of this Tsat land of the Oolite^ 
— the iiuect-eati^ Am^ i i k e n w m ; and in the fljbig 
reptile* one of its stnngiri j oijganbed PUrodaet}^ 

Bat hark! what ■oonds are thcac ? Trani{s tramp, tnmpi . 
— craEshyCraih. T rce -iBm and dnb^poai^ cycas and aamia, 
yield to the fiMrce and momcntmn of aooie munenae reptile^ 
and the coloeaal Igmamodim bnaks throi^h. He is tall at 
the tallcit elephant, bat fiom taQ to anoat greatly more 
than twice aa long; bearsi like the rhinoceroay a ahcni 
horn on his snont; and has his jaws thii^y implanted 
with saw-like teeth. Bat, though formidable from hia 
great we^t and strength, he poas cMca the comparative 
iaofiensiTenen of the herbiTorons animals ; and, with no 
desiie to attack, and no necesaty to defend, be moves 
sk>wly onw:ird, deliberately monching, as he passes, the 
sncicnlent stems of the cycadacea. The son is £ist sinking, 
and. as the ligbt thickens^ the reaches of the neighboring 
riveff display their frequent dimples, and ever and anon 
leo^ <ialy backs are raised over its sar£ice. Its numerous 
crvw^dileans are astir; and now they quit the stream, and 
we see its thick hedge-like lines of eqoisetaces open and 
a^Q cl«Me« n» they rustle throogh, to scour, in quest of 
prey« the dank meadows that line its banks. There are 
tonoises that will this evening find their protecting armor 
of carapace and plastron all too weak, and dose their long 
lives of centuries. And now we saunter downwards to the 
shore, and see the ground-swell breaking white in the 
calm against ridges of coral scarce less white. The shores 
are strewed with shells of pearl, — the whorled Ammonite 
and the Nautilus ; and amid the gleam of ganoidal scales, 
reflected from the green depths beyond, we may see the 
phosphoric trail of the Belcnmite, and its path is over 
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fihcDs of strange form and name, — the sedentary Gryphaea, 
the Pemn, and the Plagiostoma. 

But lo! yet another monster. A snake-like form, sur- 
mounted by a crocodilean head, rises high out of the water 
within yonder coral ledge, and the fiery, sinister eyes peer 
inqniringly round, as if in quest of prey. The body is but 
dimly seen ; but it is short and bulky compared with the 
swan-like neck, and mounted on paddles instead of limbs ; 
so that the entire creature, wholly unlike anything which 
now exists, has been likened to a boa constrictor threaded 
through the body of a turtle. We have looked upon the 
JPlesiosaurus. And now outside the ledge there is a huge 
crocodilean head raised ; and a monstrous eye, huger than 
that of any other living creature, — for it measures a full 
foot across, — glares upon the slimmer and less powerful 
reptile, and in an instant the long neck and small head dis- 
appear. That monster of the immense eye, — an eye so 
constructed that its focus can be altered at will, and made 
to comprise either near or distant objects, and the organ 
itself adapted either to examine microscopically or to ex- 
plore as a telescope, — is another be-paddled reptile of the 
the sea, the IchthyoaauruSy or fish-lizard. But the night 
comes on, and the shadows of the woods and rocks deepen: 
there are uncouth sounds along the beach and in the forest ; 
and new monsters of yet stranger shape are dimly dis- 
covered moving amid the uncertain gloom. Reptiles, rep- 
tiles, reptiles, — flying, swimming, waddling, walking; — 
the nge is that of the cold-blooded, ungcnial reptile; and, 
save in the dwarf and inferior forms of the marsupials and 
insectivora, not one of the honest mammals has yet ap- 
peared. And now the moon rises in clouded majesty ; arid 
now her red wake brightens in one long strip of the dark 
sea; and we may mark where the Cetiosaurus^ a sort of 
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Teptilion wh&lc, comes into view as it crcwses the liglited 
trnct, and is straightway lost in the gloom. But the uight 
grows dangerous, and these monster-haunted woods were 
not planted for man. Let us return then to the safer and 
better furnished worM of the present time, and to our 
secure and quiet homes. 




LECTURE FIFTH. 

Tbe Lisa of the Bill of Eathie— The Betoty of its Shores— Its Deposits, how 
fDrmed — Their Animal Organtems indicative of suooessive Platforms of Exisi- 
cneea— The Laws of Generation and of Death —Tlie Triaasie Sjstem— Its 
EeoDomic and Geofpvpliio Importanoe — Animal Footprints, hut no Fossil 
Organisms found in it — The Science of JdmoUtgy originated in this fkot ~ Ulna* 
tratcd bj the appeftrance of tlie Compensation Pond, near Edinhnrgh, in 18tt — 
The Phenomenon indicated hy the Footprints in theTriassic System— The Trias* 
sic and Permian Systems ouoe regarded as one, under the name of the New Red 
Sandstone— The Coal Measures in Scotland next in Order of Succession to the 
Trtessie System — Diffisrences in tlie Organisms of the two Systems— Extent 
of the Coal Measures of Scotland —Their Scenic Peculiarities — Ancient Flora 
of the Carboniferous Period — Its Fauna — Its Reptiles and Reptile Fishes 
— The other Organisms of the Period — Great Depth of the System— The Pro- 
cesBca by which during countless Ages it had been formed. 

The Lias forms, as I have already had occasion to re- 
mark, the base of the great Oolitic system. I dealt in my 
last address with the productions, vegetable and animal, of 
those long ages of the world's history which the various 
deposits of this system represent, and attempted a restora- 
tion of some of its more striking scenes, as they must have 
existed of old, in what is now Scotland. But in glancing 
once more at the Lias, we must pass from the living to the 
dead, — from the vital myriads that once were, to the 
cemetery that contains their remains. I shall select as my 
example a single Liassic deposit of Scotland, but in several 
respects one of the most remarkable, — that of Eathie, on 
the shores of the Moray Frith, about four miles from the 
town of Cromarty. And in visiting it in its character as a 
great buiial-ground, — the final resting-place, not only of 
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perished individuals, but also of extinct tribes and raoe§y 
and in scanning its strangely sculptured monumentSy rough* 
ened with hieroglyphics, to which living nature famiahca 
the key, we may perhaps be permitted to indulge in tome 
of those reflections which so naturally suggest themaelTes 
in solitary churchyards, or among the tombs of the ancient 
dead. 

The hill of Eathic is a picturesque eminence of granitic 
gneiss, largely mixed with beds of hornblende schist, which 
extends, in a long precipitous ridge, some i&ve or six hun- 
dred feet in height, along the northern side of the Moray 
Frith, and forms one of a primary chain of hills, which, in 
their upheaval, uptilted deposits of the Lias and Oolite. 
The dci>o8it which the hill Eathie disturbed is exclusively 
a Liassic one : the upturned edge of the base of the forma- 
tion rests against the bottom of the hill ; and we may trace 
the edges of its various upper deposits for several hundred 
feet outwanls, bed above bed, until, apparently near the 
top of the formation, we lose them in the sea. There is a 
wild beauty on the shores of Eathie. A selvage of com* ' 
paratively level ground, that occupies the space between 
the rocky beach and an inflection of the hill, seems em- 
bosomed in solitude; the naked scaurs and furze-covered 
slopes, where the fox and the badger breed, interpose their 
dizzy fence between it and the inhabited portions of the 
country above; while the rough unfrequented shore and 
wide-spreading sea form the secluding barriers below. The 
only human dwellings visible are the minute specks of 
white that look out in the sunshine from the dim and 
diluted blue of the opposite coast ; and we may see the 
lonely frith broadening and widening as it recedes from 
the eye, and opens to the ocean in a direction so uninter- 
rupted by land, that the waves, which, when the wind 
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blows trom the keen north, first begin to break on the dis- 
tant headlands, and then come running up the coast, like 
white coursers, may have heaved their first undulating 
moveraents under the polar ice. The scene seems such a 
one as the anchorite might choose to wear out life in, far 
firom the society of fellow-man ; and we actually find, in 
exploring its bosky thickets of wild rose and sloe-thorn, 
that some anchorite of the olden time did make choice of 
it. A gray shapeless hillock of lichencd stone, shaded by 
laxoriant tufts of fern, still bears the name of the old 
chapel; and an adjacent spring, on whose overhanging 
sprays of ivy we may occasionally detect minute tags of 
linen and woollen cloth, — the offerings of a long-derived 
superstition, not quite extinct in the district, — is still 
known as the Saint's Well. But who the anchorite was, 
tradition has long since forgot ; and it was only last year 
that I succeeded in recovering the name of the saint from 
an old man, whose father had been a farmer on the land 
considerably more than a hundred years before. The 
chapel and spring had been dedicated, he said, to St. Kcn- 
nat, — a name which we need scarce look for in the 
Romish Calendar, but which designated, it is probable, 
one of our old Culdee saints. 

The various beds of the Eathie deposit, — all, save the 
lowest, which consists of a blue adhesive clay, — are com- 
posed of a dark, finely laminated shale ; and, varying in 
thickness from thirty feet to thirty yards, they are curi- 
ously separated from each other by bands of fossiliferous 
fimestone. And so impalpable a substance are these 
shales, that, when subjected to calcination, which is neces- 
sary to extract the bitumen with which they are charged, 
and which gives them toughness and coherency, they re- 
solve into a powder, used occasionally, from its extreme 

18 
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fineness, in the cleaning of polished brass and copper. 
They were laid down, it is probable, in circumstanoea aimtlar 
to those in which, as described by the late Captain Baail 
Hall, extensive deposits are now taking place in the Yellow 
Sea of China. ^At sunset," says Captain Hall, in tJie 
narrative of his voyage to Loo-Choo, ^ no land conld be 
perceived from the mast-head, although we were in less 
than five fathoms water. And before the day broke next 
morning, the tide had fidlen a whole fathom, which brought 
the ship^s bottom within three feet of the ground. It wai 
soon afterwards discovered that she was actually sailing 
along with her keel in the mud, which was sufildently in- 
dicated by a long yellow tr^n in our wake. Some inecm- 
yenience was caused by this extreme shallowness, as it ve* 
tarded our headway, and afiected the steering ; but there 
was in reality not much danger, as it was ascertained, by 
forcing long poles into the ground, that for many fathoms 
below the surface on which the sounding lead rested, and 
fi*om which level the depth of water is estimated, the bot- 
tom consisted of nothing but mud formed of an impalp- 
able powder, without the least particle of sand or gravel." 
The Liassic deposit of Eathie must have been of slow de- 
position. It consists of laminae as thin as sheets of paste- 
board, which, of course, shows that there was but little 
deposited at a time, and pauses between each deposit. 
And, though a soft muddy surface could have been of it- 
self no proper habitat for the sedentary animals, — serpulsBy 
oysters, gryphites, and terebratulaB, — we can find fiirther, 
that they did, notwithstanding, find footing upon it, by at- 
taching themselves to the dead shells of such of the sailing 
or swimming molluscs, Ammonites and Belemnites, as died 
over it, and left upon it their remains ; from which we in- 
fer that the pauses must have been very protracted, seeing 
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that they gave time sufficient for the Terebratalse, — shells 
that never moved from the place in which they were origi- 
nally fixed,— to grow up to maturity. The thin leaves of 
these Liassic volumes must have been slowly formed and 
deliberately written ; for as a series of volumes, reclining 
against a granite pedestal in the geologic library of nature, 
I used to find pleasure in regarding them. The limestone 
bands, curiously marbled with lignite, ichthyolite, and 
shell, formed the stiff boarding; and the thin pasteboard- 
like laminffi between, — tens and hundreds of thousands in 
number in even the slimmer volumes, — composed the 
closely written leaves. For never did characters or figures 
lie closer in a page than the organisms on the surfaces of 
these leaf-like laminae. Permit me to present you from my 
note-book with a few readings taken during a single visit 
finom these strange pages. 

We insinuate our lever into a fissure of the shale, and 
turn up a portion of one of the laminfe, whose surface had 
last seen the light when existing as part of the bottom of 
the old Liassic sea, when more than half the formation had 
still to be deposited. Is it not one of the prints of Sower* 
by's ** Mineral Conchology** that has opened up to us? 
Nay, the shells lie too thickly for that, and there are too 
many repetitions of organisms of the same species. The 
drawing, too, is finer, and the shading seems produced 
rather by such a degree of relief in the figures as may be 
seen in those of an embossed card, than by any arrangement 
of lighter and darker color. And yet the general tone of 
the coloring, though dimmed by the action of untold cen- 
turies, is stUl very striking. The ground of the tablet is 
of a deep black, while the colors stand out in various 
shades, firom opaque to a silvery white, and from silvery 
white to deep gray. There^ for instance, is a group of 
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brae Jkmmnnwr%, » if fawr» m whtHmAaJki Aerfl^ a dus- 
ter f3C' suBofie b ii a liq. iii wtiim^ P ect g n % eiefa of whidi 
Wan ia thizk Cm cf ffimr bmh ; Aert^ a gnoefiiny 
ijnmed Linu xn diE«p BHCni tiai; wliile» tying athwart 
the pa^ev like iht dnk kxwtkora leaf ia Bewick's well- 
knowB Tignecte. tkcre are two ffim swoid-diaped leavti 
coCoffcd in deep oaiber. We laj opm a portion of another 
page. The centre is occvpied hj a large Myacitefli still 
hearing a warsi tint of jeQowish hrown, and which mnst 
hsTe heen an exceedinglT briUiant shell in its day; there 
is a Modiobk a smaller sh^ bat similar in tint, though not 
quite so bright, Ijing a few inches away, with an assem- 
blage of dark gray Gryphites of considerable siie on the 
one side, and on the other a fleet of minate Terebratnhe, 
that had been borne down and covered np by some 
fresh deposit from above, when riding at their anchors. 
We tarn over yet another page. It is occupied excla- 
rively by Ammonites of various sizes, but all of one 
species, as If a whole argosy, old and young, convoyes and 
convoyed, had been wrecked at once, and sent disabled 
and dead to the bottom. And here we open yet another 
page more. It bears a set of eirtremely slender Belem- 
nites. Thev lie along and athwart, and in every possible 
angle, like a heap of boarding-pikes thrown carelessly 
down a vessel's deck on the surrender of the crew. Here, 
too is an assemblage of bright black plates, that shine like 
pieces of japan work, the cerebral plates of some fish 
of the ganoid order ; and here an immense accumulation 
of minute glittering scales of a circular form. We apply 
the microscope, and find every little interstice in the page 
covered with organisms. And leaf after leaf, for tens and 
hundreds of feet together, repeats the same strange story.* 
The great Alexandrian library, with its unsummed tomes 
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of ancient literature, the accumulation of long ages, was 
but a poor and meagre collection, scarce less puny in bulk 
than recent in date, when compared with this vast and 
wondrous library of the Scotch Lias. 

Now, this £athie deposit is a crowded bur3ring-ground, 
greatly more charged with remains of the dead, and more 
thoroughly saturated with what was once animal matter, 
than ever yet was city burying-ground in its most unsani- 
tary state. Every limestone band or nodule, yields, when 
Btruck by the hammer, the heavy fetid odor of corruption 
and decay ; and so charged is the laminated shale with an 
animal-derived bitumen, that it flames in the fire as if 
it had been steeped in oil, and yields a carburetted hydro- 
gen gas scarce less abundantly than some of our coals 
of vegetable origin. The fact of the existence, through- 
out all the geological ages, of the great law of death, is 
a &ct which must often press upon the geologist. Almost 
all the materials of his history he derives from cenotaphs 
and catacombs. He finds no inconsiderable portion of 
the earth's crust composed of the remains of its ancient 
inhabitants, — not of dead individuals merely, but also 
of dead species, dead genera, nay, of even dead creations ; 
and here, where the individual dead lie as thickly on the 
surface of each of many thousand layers as leaves along 
the forest glades in autumn, — here, where all the species 
and many of the genera are dead, nay, where the whole 
creation represented by its multitudinous organisms is 
dead, — the great problem which this law of death pre- 
sents comes upon the explorer in its most palpable and 
urgent form. The noble verses of James Montgomery, 
somewhat exagerative in their character when addressed 
to a molehill, become as remarkable for their sober pro- 
priety as for their beauty when employed here : 

18* 
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TcUw 
In this flDuOl hm of dMth? 

Bj wafting winds and flooding nin^ 

From ocenn, taittk and sIej, 
Cbllected, here the ftail remains 

Of sinmbqring millions lie. 

The mole tbat scoops, with corions ton. 

Her sabcenmnenn bed. 
Thinks not slie ploughs so rich a soil. 

And mines among the dead. 

Bnt Of where'er she tnras the groond, 

Uj Idndred earth I see; 
Once ereiT' atom of thb monnd 

Ured, breatlied, and felt lilLe me. 

LIlLe me, these ekkr-bom of clay 

£iV)oyed the cheerfU light. 
Bore the brief harden of a day. 

And went to rest at night 

Hethinkft this duRt yet heaves with breath. 

Ten thousand pulses beat : 
Tell me, in this small hill of death 

How many mortals meet." 

Whjil does this inexorable law of death mean, or on 
whsil principle does it depend ? In oar own species it has 
• in<^r»l wgnifionnoy, — "Death reigned from Adam," and 
ik^^HJtfc * pnnionable mistake, no longer insisted on by 
^ Kswt Ihoologiana of the higher class, the same moral 
^^^V^SttMTk CI9 A reflex influence, has been made to attach to 
^ ^ it^ inevitable connection with the inferior animals, 
llllll ^ |lH(^in« it seems to have no moral significancy. 

^IHl^ Intakes a shi-owd distinction, in one of his Essays 
^y^^p^ « death as the wages of sin," and death as ^a 
yiwM^^M^ ^^ nature;" and we can now fully appreciate 
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the value of the distinction. For we now know that 
while, as the wages of sin, it has reigned from but the 
Cdl of Adam, it has reigned as a tribute due to nature 
throughout the long lapse of the geologic ages from the 
first beginnings of life upon our planet. What, then, does 
this inexorable law of death mean ? and on what principle 
does it depend? 

It was in mere cobweb toils that those Sadducees who 
believed ** not in angel, neither in spirit," endeavored to 
entangle our Saviour, when they propounded to him the 
case of the woman with the seven husbands, and de- 
manded whose wife of the seven she was to be in the 
Resurrection. But there was a profundity in the reply, 
which the theologians of nearly two thousand years have, 
I am disposed to think, failed adequately to comprehend. 
** The children of this world marry and are given in mar- 
riage," he said, " but the children of the Resurrection 
neither marry nor are given in marriage, neither can they 
die any more." Now there seems to be a strictly logical 
sequence between the two distinct portions of this pro- 
position, — the enunciation that the denizens of the state 
after death do not marry, and the enunciation that they 

• 

do not die, which for eighteen centuries there was not 
science enough in the world adequately to appreciate. 
The marriage provision was simply a provision tanta- 
mount to the original injunction, not of paradise merely, 
but of every preceding period in which there were organi- 
zations of matter possessed by the vital principle: ^In- 
crease and multiply, and replenish the earth." And all 
geology presses upon us the conviction, so powerfully 
enforced by the Liassic deposit at £athie, that, from the 
very nature of things, the law of generation and the law 
of death, wherever space is limited, cannot be dissociated^ 
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Each of the multitadinoas leaves of the Lias formed in 
sacce:»ion an upper snr&ce, or platform, on which, for a 
certain period of time in the world's history, living and 
sentient creatures porsued the several instincts of ihdr 
natoresy and then ceased to exist. And so immense^ in 
DL&nv instances, was the crowd, that, had the existence 
of two platforms heen restricted to the occupancy of only 
one pLtttbrm, they would have lacked footing. A dense 
cn>wd of living men may find ample standing-room in an 
ancient city churchyard, occupying, as they do, a diflferent 
struam of space from that occupied by the dead; but 
were the dead to revi%*e and arise, it would be impossible 
that the living could find in it the necessary standing* 
ivxHn any longer. They would be jostled fix)m their 
plaices £Lr beyond the limits of the inclosing wall. And 
let tt5 rvmi^mbor, that •• the great globe itself which we 
inherit " Ls all one v:bJt burying-ground ; nor is it to one 
scntiid that the densely piled remains of its dead are 
iv^tricte^l. nor to one hundre«l, nor to one thousand, nor 
TV 5 ;o v>ce hucdn?d thous:ind strata. Even in this deposit 
cf the E^ithie Lias^ the successive platforms of the dead 
niiv N? r\'v'kone>l up by thousands and tens of thousands ; 
a:id i: would bo more possible that a fertile field should 
have growing upon it at once the han'ests of ten thousand 
succeeding autumns, than that any one of the platforms 
should have living upon it at once the existences of all the 
iunumemble platforms above and below. The great law 
*^ iiicr€<u*€ and tnultij^i/'^ gaxe to each platform its count- 
loss crowds ; and to nuike room for the continuous opcra^ 
tion of this law, the other great law of death came into 
action, and so the generations of succeeding periods found 
space to pursue their various instincts on platforms com- 
posed in no small part of the perished generations fi'om 
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which they had sprang. Throughout the whole incalcula^ 
ble past of our planet, — throughout all its unnfieasui*ccl and 
nnmeasnrable periods, — the laws of production and decay 
have gone inseparably together ; they were twin stars on 
the horizon, tinged by the complementary colors, and so 
inseparably associated, that the appearance of the one 
always heralded the rise of the other. And to my mind 
at least, it does seem demonstrative of the full-orbed and 
perfect wisdom of the Divine Master of the Theolo- 
gians, that He, with that quiet simplicity which Pascal so 
well designates the characteristic style of Godhead, and 
with a logic too profound to be appreciated at the time, 
should have coupled together the twin laws of production 
and decay, as equally inadmissible into that future state in 
which the life of man is to be no longer 

" Summed up in birthdays and in sepulchres." 

** The children of the resurrection neither marry nor are 
given in marriage, neither can they die any more." 

From the Oolite, with its Liassic base, we pass on to 
the Triassic system, — a deposit less characteristically de- 
veloped in England than on the Continent^ but of much 
economic importance, from those vast beds of rock-salt 
which, in Britain, at least, are exclusively restricted to 
this system; and of considerable geographic importance, 
from its great lateral extent. In Scotland^ it occupies 
rather more than a hundred square miles of surface, chiefly 
in Dumfriesshire, along the northern shores of the Solway, 

1 There is good reason to believe that the red rocks overlying the coal 
of Combcrland, the red sandstones of Corncockle Muir, near DumfVies, 
the Aynhire red sandstones, and those of the Isle of Arran, are all of the 
Permian, not Triassic, epoch. See "Siluria," new edition, p. 301.— 
W. 8. S. 
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known as the Compensation Pond, was laid dry, daring 
the warm summer of 1842, to the depth of ten fathoms; 
and as a lake bottom ten fathoms from the surface, is not 
often seen, I visited it, in the hope of acquiring a few 
&ct8 that might be of U£^ to me among the rocks. What 
first struck me, in surveying the brown sun-baked bottom 
from the shore, was the manner in which it had cracked, 
in the drying, into irregularly polygonal partings, and that 
the ripple-markings with which it was fretted extended 
along only a narrow border, where the water had been 
shallow enough to permit the winds or superficial currents 
to act on the soft clay beneath. As I descended, I found 
the surface between the partings indented with numerous 
well-marked tracks of the feet of men and animals, made 
while the clay was yet soft, and now fixed in it by the 
drying process, like the mark of the stamp in an ancient 
brick. And some of these tracks were charged with 
little snatches of incident, which they told in a style 
remarkably intelligible and clear. At one place, for in- 
stance, I found the footprints of some four or five sheep. 
They struck out towards the middle of the hollow, but 
tamed upwards at a certain point, in an abrupt angle, 
towards the bank they had quitted, and the marks of 
increased speed became palpable. The prints, instead of 
being leisurely set down, so as to make impressions as 
sharp-edged as if they had been carved or modelled in the 
day, were elongated by being thrown out backwards, and 
the strides were considerably longer than those in the 
downward line. And, bearing direct on the retreating 
footprints from the opposite bank, and also exhibiting 
signs of haste, I detected the track of a dog. The details 
of the incident thus recorded in the hardened mud were 
complete. The sheep had gone down into the hollow 
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shortly after tbe retreat of the waters, and while it 
yet soft; and the dog, either acting npon his own judg- 
ment, or on that of the shepherd, had driven them ba^ 
A little £uther on I found the prints of a shoed foot of 
small size. They passed onwardb across the hoUow, the 
steps getting deeper and deeper as they went, until near 
the middle, where there were a few irregular steps, shorter, 
deeper, and more broken than any of the others; and 
then the marks of the small shoes altogether disappeared, 
and a small naked foot of corresponding size took their 
place, and formed a long line to the opposite bank. In 
this case, as in the other, the details of the incident wera 
clear. Some urchin, in venturing across when the mud 
was yet soft and deep, after wading nearly half the way 
shod, had deemed it more prudent to wade the rest of 
it barefoot than to bemire his stockings. In each case 
the incident was recorded in peculiar characters; and to 
read such characters aright, when inscribed upon the 
rocks, forms part of the proper work of the ichnologist. 
His key, so far at least as mere incident is concerned, is 
the key of circumstantial evidence ; and very curious 
events, as I have said, — events which one would scarce 
expect to find recorded in the strata of ancient systems, — 
does it at times serve to unlock. 

In some remote and misty age, lost in the deep obscu- 
rity of the unrcckoned eternity that hath passed, but 
which we have learned to, designate as the Triassic period, 
a strangely formed reptile, unlike anything which now 
exists, paced slowly across the ripple-marked sands of a 
lake or estuary.^ It more resembled a frog or toad than 

1 Reptiles are known to have existed (Vom the period of the Old Bed 
Sandstone, where their tracks have lately been discovered. The reptiles 
of the Coal arc of the Batrachian type; the Permian reptiles are allied to 
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any animal with which we are now acquainted; but to 
the batrachian peculiarities it added certain crocodilian 
features, and in size nearly rivalled one of our small High- 
land oxen. The prints it made very much resembled 
■ those of a human hand ; but, as in tlie frog, the hinder 
paws were fully thrice the size of the fore ones ; and there 
was a gigantic massiveness in the fingers and tliumb, which 
those of the human hand never possess. Onward the crea- 
ture went, slowly and deliberately, on some unknown 
errand, prompted by its instincts; and as the margin of 
the sea or lake, lately deserted by tlic water, possessed the 
necessary plasticity, it retained every impression sharply. 
The wind was blowing strongly at the time, and the 
heavens were dark with a gathering shower. On came 
the rain ; the drops were heavy and large ; and, beaten 
aslant by the wind, they penetrated the sand, not perpen- 
dicularly, as they would have done had they fallen during 
a calm, but at a considerable angle. But such was the 
weight of the reptile, that, though the rain-drops sank 
deeply into the sand on every side, they made but com- 
paratively faint impressions in its footprints, where the 
compressive effect of its tread rendered the resisting mass 
more firm. "We have here, in a single slab," says Dr. 
Buckland, in referring, in his address to the Geological 
Society for 1840, to these very footprints, and their ad- 
juncts, — "we have here, in a single slab, a combination 
orproo£) as to meteoric, hydrostatic, and locomotive phe- 
nomena, which occuiTcd at a time incalculably remote, in 
the atmosphere, the water, and the movements of animals, 
from which we infer, with the certainty of cumulative 
circumstantial evidence, the direction of the wind, the 

Batnurhians and Monitors ; while tho reptiles of the Trios are Lab3Tlntho- 

dont.— W. S. S. 
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kind inscribed on the sandstones of Damfnesshire ; and 
us Sir William Jardine, the proprietor of some of the 
quarries, has set himself to the work of illustration, the 
geologist may soon hope to be put in possession of a mon- 
ograph at once worthy of the subject and of so distin- 
guished a naturalist.^ The footprints first observed by 
Dr. Dimcan were chiefly those of tortoises ; but there also 
exist in the rock numerous tracks of the huge batrachians 
of the period, with traces of a small animal, scarce larger 
than a rat; and of a nameless, nondescript creature, whose 
footprints might at first glance almost be mistaken for 
those of a horse, but the marks of whose toes have been 
traced, in some of the impressions, outside the ring of 
the apparent hoof.* And this is all we yet know of these 
reptilian Triassic inhabitants of Scotland. Robinson Cru- 
soe has gone down to the sea-shore, and seen, much to his 
astonishment, the print of a savage foot in the sand. 

According to an old, but not vei*y old, style of nomencla- 
tare, derived from mineralogical character not yet wholly 
obsolete, the two systems, Triassic and Permian, used to 
be included under one general head, as the New Red 
Sandstone, or the Bunter Sandstone of Werner and Jame- 
son. And certainly the mere mineralogist might find it 
no easy matter to draw a line between them. Up to a 
certain point in the ascending scale there occur on the 
Continent strata of a Red Sandstone, known as the Lower 
Banter ; and immediately over it, a Red Sandstone known 
the Upper Bunter.* They lie conformably to each 



1 See Sir William Jardinc's work on the " Ichnolo^^y of Annandalc." 

• Chdichmu Titan and Gigas Jardine. — W. S. S. 

* The Bunter Randntcin and Bunter schlcfer; of which the Bunter sand- 
fteln Ib now ranked as lowest, Trias, and the Bunter schiefer as upper, 
-P^-iuion. — W. S. S. 
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Other, as if they had been depodted in immediate sacoes* 
sion in a still sea : there are no traces of physical oooynl- 
^o; the earthquake and the tornado had slept at the 
time : there was no devastating inundation of molten, fire^ 
nor overwhelming wave of translation ; — 

''It vasnocin tbebftttle; no tempest gmre the ■hock:" 

and yet that undisturbed horizontal line marks where one 

creation ended and another began. It was held at one 

time that there was not a single organism, vegetable or 

animaL common to the two great divisions to which these 

sandstone beds belong; but there now seems to rest some 

doubt on the point. In an insulated district of France^ 

plants of the Co:il Measures have been found in a deposit 

containing; Belemnites ; and it is held that the Belemnite 

belonc? exolusivelv to the snreat Secondarv division. But 

the s|tecitio standing of these Belemnites still remains to 

be determiiusl : it is {K^ssible they may not be Secondary 

lortns : and it has be^»n suggesleil by M. Michelin, a dis- 

tiu^uishivi Frvnoh i^.vloiI:ist, that jienericallv the Bclem- 

nile m:iy not bo of the j'lvniised importance in reference 

to the age of those Tarontaise beds. "^Ile is inclined," we 

find him savins:* " to consider it an instance of the occur- 

renvv of the l>i*leninite form in the Carboniferous period, 

rather than of the continuance of the same species of 

plants tlirv^ugh sevend successive epoi-hs.** 

But* leaving it to the future researi*hes of geologists to 
determine whether there be any, and, if so, how many, 
org:misnis common to the Secondary and Palieozoic divis- 
ions, a very slight acquaintance witli fossils is sufficient to 
du>w that W^twecn the types of org-anic nature in these 
two great divisions there exist differences and distinctions- 
Lest and most palpable kind. In passing up- 
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irards from the Triassic to the Permian, we seem to pass, 
Dot merely from one dynasty to another, but, if I may dare 
employ such a tenn, from one dispensation to another. 
So broad are the differences, that they affect whole claaies 
of the animal kingdom. In the class of fishes, for instance, 
an entire change takes place in the form of the tail. There 
are a few ichthyic families in the present day, such as the 
sharks and sturgeons, that have unequally-lobed tails, from 
the circamstance that a prolongation of the vertebral col- 
timn runs into the upper lobe ; whereas in perhaps nine- 
teen-twentieths of all the existing families, the vertebral 
column stops short, as in the osseous fishes common at our 
tables, a little over the lobes, to form for them a medial 
basis, and the lobes themselves are equal. And this equal- 
lobed, or, as it is termed, homocerccU condition, is the pre- 
vailing one, not only in the present time, but in all the 
Tertiary and in all the Secondary ages, up till the close of 
the Triassic system. And then, sudden as the shifting of 
a scene, or as one of the abrupt transitions of a dream, we 
find, immediately on entering the great Palaeozoic division, 
an entire change. The unequal-lobed or heterocercal tail 
becomes not only the prevailing, but the only form, save 
in a few exceptional cases, as in that of the Coccosteus of 
the Old Red Sandstone, where there were no lobes at all, 
or as in that of its contemporary the Dij^lopterus, where 
the lobes strike out laterally from a prolongation of the 
column. In short, the equally-lobed tail ceases with the 
Trias, to reappear no more, and the unequally-lobed tail 
takes its place. Similar changes manifest themselves in 
other divisions and classes of the animal kingdom. Waiv- 
ing fbr the present the question raised by the French geol- 
ogist, M. Michelin, in Britain at least the Belcmnite, so 
abundant Iq the Secondary formations, and so characteris- 

19* 
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tie of them, has no pboe mmong the fiiniiatioiis <^ the 

Pabeoioio period. Save, too, in a few rare and ■omewhat 

equivocal spedes. the equally charaeteristie Ammonite dai- 

appeaiB.' We take leave also of the scaroe less cfaaracteiv 

istic Gryphites, of Uie Trigonia, Plagiostoma, and Pema, 

with several other well-marked types of shell ; but we fin^ 

their places amply occupied by types exclusively Paheo* 

Boic The Orthocenitites, straight, conical, chambered 

shellsi anticipated, we see, the place of the Belemnites; 

the Goniatites, that of the Ammonites proper; the Beller- 

oi>hon and the Euomphalus, unseen in any other period, 

fall into the genend group, and add to the peculiarity of 

its aqwct; with a whole array of unwonted forms among 

the bnchiopoda, such as Spirifcrs, Producta, Atrypa, and 

Pentamems, etc^ etc But it was perhaps in the vegetable 

world that the Palteozoic ages most remarkably differed 

fivwDL thi^« of the subsequent periods of the geologist, 

whether Secondary, Tertiary, or Recent. We read in Uie 

oiler poet«. of enchanted forests ; but the true enchanted 

&>rvscSk stranger, in their green luxuriance, than poet ever 

vv€ ig*i»**t*KL and where the botanist, surrounded by irre* 

iuctNe «hape$ th^t would take no place in his systems, 

Bi>if(^( wtTil ileem himself in a wild dream, were the forests 

TV* v\vJ Moj4*ur\»» of Scotland occupy about two thou- 
«M»*1 ^&w?v uiilw of surface, and, though much overflown 
k)h :^;;iK\^<ft« tv*^*^» *"*^ occasionally broken through by 
wj^vV^ ^»4* vXvl Kod Sandstone, run diagonally across the 
^Nj^ \. 'K^ttt *e* to sea, in a tolerably well-defined belt, 
.^jf N. ^ ^>vs>>V! ^o ihe Hue of the southern flank of the 
^MiHi^UMA. Thr^Hi^hout their entire extent they owe 

y^ «i«i,<li HMMlUlcatfcm. See Sir C. LyeU't ^ Sapple* 
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their scenic peculiarities to the trap ; hut where least dis- 
turhed, as in the Dalkeith coal-field, they are of an incon- 
Bpicuous, low-featured character, and chiefly remarkahle 
for their rich fields, as to the east of Edinburgh, between 
the Arthur Seat group of hills and the Garlton hills near 
Haddington ; or for their romantic dells and soft pastoral 
valleys, such as Dryden Dell, or the valley of Lasswade, 
or, to enumerate two other well-known representative 
localities in one stanza, borrowed from Macncil, 



M 



Roslin's gowanv braes sae bonny, 
Crags and water, woods and glen; 

Roslin's banks, unpccred by ony, 
Save the Muse's, Ilawthomdcn/' 



The coal-fields owe some of their more characteristic fea- 
tures, especially in the sister kingdom, to man. The tall 
cliimneys, ever belching out smoke ; the thickly-sown en- 
gine-houses, with the ever-recurring clank of the engines, 
and the slow-measured motion of their outstretched arms 
seen far against the sky; the involved fretwork of rail- 
ways, connected with some main arterial branch, along 
which the tniveller ever and anon marks the frequent 
train sweeping by, laden with coals for the distant city ; 
the long flat lines of low cottages, the homes of the poor 
colliers; and here and there, where the ironstone bands 
occur, a group of smelting furnaces ; — all serve to mark 
the Coal Measures, and to distinguish them from every 
other system. And such — striking off* the peculiarities 
of the trap, which has no necessary connection with the 
Carboniferous system, but is common, in some one part of 
the world or another, to all the systems — are some of the 
features, natural and superinduced, of this most important, 
in an economic point of view, of all the geologic forma- 
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tiooflL Thej are, as I luiTe siid, of no Teiy pnmunenl 
ebancter. Tbe poet Delta deacribeii in a fine atanaa, the 
fcenenr aroond and to the east of Edinboigh. But though 
the area which the landscape includes contains one of our 
most considerable coal-basins, — a basin many square miles 
in extent, — it does not furnish him with a single descrip* 
tiTe reference. Almost all those bolder and more oharao- 
teristic features of the scene which his pencil exquiaitely 
touches and relieTes» it owes to the igneous rocks. 

** T^Mcd Is a map tlie laadMspe Uea, 

Id cnltand beaoO' ttreirhfai}; wide; 
Thtn Pencland's sreen aecUrities; 

There ocean with its azure tide; 
There Arthur Seat, and, (deaming throagh 

Thv MKithcm wing, Dnnedin bloc; 
While in the orient, Lammer's dan«;hterB, 

A distant giant range are seen ; 
North Berwick Law, with cone of green. 

And Ban amid the waters. " 

The ancient scenery of the Coal Measures would be 
greatly more difficult to trace. As we recede among the 
extinct creations farther and farther from the present time, 
the forms become more strange, and less reducible to 
those compartments to wliich we assign known classes and 
existing types. Our more solid principles of classification 
desert us, and we are content to substitute instead, remote 
analogies and distant resemblances. We say of one family 
of plants that they somewhat resemble club-mosses, shot 
up in bulk and height into forest trees; and of another 
finiily, that they would be not very unlike the horsetails 
of our morasses, did horsetails rival in size larches of some 
twenty or thirty years' growth. In referring to yet other 
families, we can avail ourselves — so otUre are their forms 
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*-of no resemblance at all: we can simply figure and 
describe, and draw our illustrative comparisons, if we em- 
ploy such, rather from the departments of art than of 
nature. It is possible that, were some of our higher bot- 
anists — our Balfours, Browns, and Grevilles — permitted 
to range for a day over the broad plains of Jupiter, or 
amid the bright sunshiny vales of Mercury or Venus, even 
they might be but able to tell us, on their return, of gor- 
geous floras, that defied all their old rules of classification, 
and which could be illustrated from that of our own 
planet only by distant resemblances and remote analogies. 
And assuredly such would be the case, could they, through 
the exercise of some clairvoyant faculty, be enabled to 
journey for millions and millions of years into the remote 
past, and to spend a few enchanted hours amid the dense 
and sombre thickets of a Carboniferous forest. Shall I 
venture on communicating to this audience a snatch of 
personal histoiy, illustrative of the mode in which I myself 
arrived, many years ago, at my earliest formed concep- 
tions regarding the old flora of the Coal Measures? 

The first penisal of " Gulliver's Travels " forms an era in 
the life of a boy, if the work come in his way at the right 
time ; and I was fortunate enough to secure my first read- 
ing of it at the mature age of eight years. For weeks, 
months, years after, my imagination was filled with the 
little men and little women, and with at least one scene 
laid in the country of tlie very tall men, — the scene in 
which Gulliver, after wandering amid grass that rose 
twenty feet over his head, lost himself in a vast thicket 
of barley forty feet high. I became the owner, in fancy, 
of a colony of little men ; I had little men for inhabiting 
the little houses which I built, for tilling my apron- 
breadth of a garden, and for sailing my little ship ; and, 
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coupling with the men of Lillipat the scene in Brobidgnag» 
I often set myself to imagine, when playing tnumt all 
alone on the solitary slopes or amid the rocky dells of 
Driemioric, how the little creatures, who were sure always 
to accompany me on these occasions, would be impressed 
by the surrounding vignette-like scenes and mere pictur- 
esque productions, exaggerated on hill and in hollow, by 
their own minuteness, into great size. I have imagined 
them threading their way through dark and lofty forests 
of bracken fifty feet high, or admiring on the hill-side 
some enormous club-moss, that stretched out its green 
huiry arms over the soil for whole roods, or arrested at the 
edge of some dangerous and dreary morass by hedges 
of gigantic horsetail, that bore atop their many-windowed, 
club-like cones, twenty feet over the dank surface, and 
that shot forth at every joint their green veilicillate leaves 
in rings huge as coach-wheels. And while I thus thoughti 
or rather dreamed, for my Lilliputian companions, I be- 
came for the time a Lilliputian myself, — saw the minute 
in nature as if through a magnifying glass, — roamed in 
fancy under ferns that had shot up into trees, — and saw 
the dark cones of the equisetaeeaB stand up over their 
Spiky branches some six yards or so above bead. But 
these day-visions belonged to an early period : dreams 
of at least a severer, if not more solid cast, dispossessed 
the little men and women of the place they had occupied; 
and I had learned to think of the wondrous tale of Swift 
as one of the most powerful but least genial of all the 
satires which the errors and perversions of poor humanity 
have ever provoked, when in the year 1824 I formed my 
first practical acquaintance with the flora of the Coal 
Measures. I was engaged as a stone-cutter, a few miles 
from Edinburgh, in making some additions, in the old 
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English style, to an ancient mansion-house ; and the stone 
in which I wrought, — a curiously variegated sandstone, 
derived from a quarry since shut up, — was, I soon found, 
exceedingly rich in organic casts and impressions. They 
were exclusively vegetable. Often have I detected in the 
mde block placed before me, to be fashioned into some 
moulded transom or carved mullion, fragments of a sculp- 
ture which I might in vain attempt to rival, — the forked 
sterna of Lepidodendra, fretted into scales that, save for 
theii greater delicacy and beauty, might have reminded 
the antiquary of the sculptured corslet of scale-armor 
on the effigies of some ancient knight; the straight- 
stemmed Calamite, fluted from joint to joint, like the 
shaft of some miniature column of the Grecian Doric; 
the Sigillaria, also a fluted column, but of a more mere- 
tricious school than that of Greece, for it was richly 
carved between the flutings ; the Stigmaria, fretted over, 
with its eye-lit holes curiously connected by delicately- 
waved lines; and occasionally the elaborately ornate 
TJlodendron, with its rows of circular scars, that seemed 
to have been subjected to the lathe of an ornamental 
tamer, and its general surface fretted over with what 
seemed to be nicely sculptured leaves, such as we son^e- 
times see on a Corinthian tonis. It was not easy, more 
than a quarter of a century ago, when Sir Roderick Mur- 
chison was still an officer of dragoons, Sir Charles Lyell 
prosecuting the study of English law, and Dr^ Buckland 
still engaged with his theory of the Flood, which he had 
given to the world only the previous year, — it was not 
easy, I say, for a working man to have such questions 
solved as these fossils of the Coal Measures served to 
raise. But they were, at length, in some measure solved. 
I was taught to look to those forms of the existing flora 
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of our poiinlrv lliat most resemblpd the forms of its flora 
during Ihc Carbon ifcroiis i)eriod. And, sti-ange to tell, ^ 
I fouud I Iiad just to Cill back on my old juvenile imag- ' 
inings, and to form my first aj>proKiinatc conceptions of , 
the tort'sta of the Coal Me:iflurL-s by learning to look at 
our ferns, ciub-mosscs, and eqiiisetaceie, with the eye of ' 
some wandering traveller of Lilliput, lost amid their entan- \ 
glemcnts, like Gulliver among those of the fields of Bmb- I 
diguag. When sauntering, after the work of the day wa* | 
over, along the edge of some wood -embosomed streamlet, J 
-where the horsetail rose tbiek and r:mk in the danker i 
hollows, and the fern shot out its fronds from the drier , 
bank^, I had to sink in fancy, as of old, into a manikin | 
of n few inches, and to see intertropical jungles in the I 
tangled gmsses and thicJcly interlaced equisetacere, and I 
tall trees in the herbaceous plants and the shrubs. ! 

But many a wanting feature had to be supplied, and t 
many an existing one altered. Amid forests of arbon- | 
ceous ferns, tall as our second-class trees, there stood | 
up gigantic club-mosses thicker than the body of a man, 
and from sixty to eighty feet in heiglit ; more than a hun- 
dred and fi(\y species of smaller ferns, and about one third 
that number of smaller species of club-mosses, clothed tlw 
opener country ; and along the frequent marshes and lakes 
that covered vast tracts of its flat surface, or the sloggi^ 
rivers that winded through it, there flourished huge 
thickets of cqnisetaceie, of from twelve to fonrteeo di^rent 
species, tall, some of them, as the masts of pinnaces, snd 
thick and impenetrable as the fairy hedge that snrronnded 
the palace of the sleeping beauty. But among these 
forms of the vegetable world, that, at least through the 
blue steaming vapor of so dank a land, seem but Uie 
.mora familiar forms of our locbans and hill-sides maaj 
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times mag|;Difiec1, there arise strange floral sbaposs among 
which we can recognize no existing type. The Uloden- 
dron, bearing along its carved trunk, on two of its si<les, 
rectilinear strips of cones, like rows of buttons on the 
dress of a boy, and the ornately tatooed Sigillarin, lined 
longitudinally, and with its thickly-planted vertical rows 
of leaves bristling from its stem and larger boughs, resem- 
ble no yegetable productions which the earth now yields. 
The landscape, too, has its intertropical forms, — what 
seem gigantic Cacti, with thickets of canes, and a few 
species of palms. And, where here and there a flat hil- 
lock rises a few yards over the general level, we see 
groups of noble Araucarians raising their green tops a 
hundred and fifly feet over the plain. And yet, rich as 
the flora of the period may seem in individuals, and 
though it cumbers the soil with a luxuriance witnessed in 
t>ur own times only among the minuter forms, it is, in all 
save size and bulk, a poor and low flora, after all. The 
Pines and Araucarians form its only forest-trees. We fail 
to meet on its plains a single dicotyledonous plant on 
which a herbivorous mammal could browse. Its Lycopo- 
dacesB are covered over with catkin-like cones ; there are 
cones on its Ulodendra, cones on its EquisetacesB, cones 
on its Araucarians, cones on its Pines ; but not a single 
fruit have we yet found good for the use of man. Nor, 
after the flrst impression of novelty has passed away, is 
there much even to gratify the sight. The marvel of 
ornately-carved trunks and well-balanced fronds soon palls 
on the sense; and the prevalence of those spiky recti- 
linear forms in the scene which Wordsworth could regard 
as such deformities in landscape, and which James Gra- 
hame so deprecates in his " Georgics," " lies like a load on 
the weary eye." Nature labors in the production of hugft 
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inmuitorities; nehlier man, the monarch, nor his higher 
sah|<^ts. the mammals, have jret appeared; and it is all 
too palpable that that garden has not yet been planted, 
oat of the groond of which there shall grow ^ every tree 
that is pleasant to the sight and good for food." 

Some of the gigantic forms of these primeyal forests we 
can onlr Ta^nelr and imperfectly illustrate by the dwarf 
piodactions of oar present moors and morasses ; and some 
of them we £iil to connect, by the links of general resem^ 
blance« with aagfat in the vegetable kingdom that now 
fiviML Regarded as a whole, the flora of the Carboniferooa 
age seems as remote in its analogues from that which now 
exists^ as rftnote in the period dnring which it flourished* 
There are, however, at least two families of plants which 
bear, nv'^t a Uhvw and general, but a minute and thorough 
resemblauiW to fimiUes which also existed during the 
great Socondarj- and Tertiary periods, and which still con- 
tinue to ooinipy a large space among the recent vegetable 
forms. And those are the Fern and the Pine families. 
All the species have become extinct over and over again; 
but the families* and many of the genera, are ever repro- 
duceil ; anil, so far as we know, this earth never possessed 
a terrestrial flora that had not its ferns and its pines. In 
all the other divisions and classes of the onranic world 
there are also fiivorite families, such as the Tortoises among 
reptiles, the Cestracions among fishes, the Nautilus among 
Cephalopodes, and the Terebratula among Brachipods. 
There are few geologic formations in which either the 
remains or the footprints of Tortoises have not been de- 
tected ; there seems never to have been an ocean that had 
not its Cestracion ; the Nautilus lived in every age from 
the times of the Lower Silurian deposits down to the pres- 
ent day ; and, after disinterring specimens of fossil terebn^ 
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tula from our Grauwackos, our Mountain Liuiestonc^, our 
Oolites, and our Chalk Flints, we may cast the drag in the 
deeper lochs of the Western Highlands, and bring up the 
living animals, fast anchored by their fleshy cables, to 
stones and shells. We can scarce glance over a group 
of fossils of the two earlier divisions, the Secondary and 
the Palaeozoic, which we do not find divisible into two 
classes of types, — the types which still remain, and the 
types which have disappeared. But why the one set of 
forms should have been so repeatedly called into being, 
^ while the other set was suffered to become obsolete, we 
cannot so much as surmise. In visiting some old family 
library that has received no accession to its catalogue for 
perhaps more than a century, one is interested in marking 
its more vivacious classes of works — its Shakspeares, 
Robinson Crusoes, and Pilgrim^s Progresses — in their 
first, or at least, earlier editions, ranged side by side with 
obsolete, long-forgotten volumes, their contemporaries, 
with whose unfamiliar titles we cannot connect a single 
association. And exactly such is the class of fiicts with 
which the geologist is called on to deal. He finds an 
immense multiplication of editions in the case of some 
particular type of fish, plant, or shell ; and in the case of 
other types, no after instance of republication, or repub- 
lication in merely a few restricted instances, and during 
a limited term. But while it is always easy to say why, 
in the race of editions, the one class of writings should 
have been arrested at the starting-post, and the other 
class should go down to be contemporary with every after 
production of authorship until the cultivation of lettei-s 
shall have ceased, the geologist finds himself wholly una- 
ble to lay hold of any critical canon through which to 
determine why, in the organic world, one class of types 
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be termed its figured stones, — plants, shells and fishes, — > 
were^ in consequence, well known to collectors^ — a class 
of people sent into the world to labor instinctively as pio- 
neers in the physical sciences, without knowing why. I 
have seen prints of some of these figured stones of two 
centuries' standing, and have succeeded in recognizing as 
old acquaintance the Spii-ifcrs and Ferns which had sat for 
their pictures to artists who knew nothing of cither. Dur- 
ing the last sixty years there have been many collections 
made of the Carboniferous fossils, and many coal-fields 
intelligently examined, but not a trace of the reptile de- 
tected. It was not until Sir Charles LyelKs second visit 
to the United States, five years ago, or rather not until 
the publication of his second series of travels, three years 
after, that it was known to European geologists that the 
coal-fields of Pennsylvania, in the United States, had, like 
the Trias* of the south of Scotland and of the sister king- 
dom, their Cheirotherium, of, however, not only, as might 
be anticipated, a different species, but of even a different 
genus, from that of the newer formation, though not less 
decidedly reptilian in its character. And about the same 
time, the remains of a reptile since known as the Arche- 
gosaurus were found in a coal-field in Rhenish Bavaria. 
The Archegosaurus seems to have been a strange-looking 
creature, — half saurian, half batrachian, of comparatively 
small size, with two staring eyes set close together in the 
middle of a flat triangular skull, and furnished with limbs 
terminating in distinct toes, but so slim and weak, " that 
they could have ser\^ed," says Von Meyer, " only for swim- 
ming or creeping."' It is stated in the "Lake Superior" 

1 Pennianfl. — W. S. S. 

s The ArcIic{;osauri are related to the Batmchians and Sauroid fishofl* 
■cconlln;; to Owen, " Sihirin," new edition, p. 3<53. — W. S. S. 
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oT AgiXMSt tliat in s ehallow expanse of the riTer i 
wtiicb the lake Eills, iikirte>l by HaI &re^-covert-d bankl^ 1 
■nt] tn wliich 3 long s^rie^ of drenry laiid-fljits are oovercxl 
hy from a &w inchcn to a few feet of truter, there occura^l 
laige gill-fiiTTiishol salamanJer (Mt^nobrnnchus), which tl 
Inijiaos aM the " wallciug fish," ao'l which OTcn lo them 3 
a great cnrioi^ily. It Bwims wherever there is snfflcia 
depth of water, anil creeps over the mud-flats where tiri! 
is not ; sod, eomparei) with the swifl and powerful ] 
dostetis, a reptile-fish of the same stream, it ts a stti|ri 
Blug^sh, inert creature, safe only in its uselessness and tl 
repnlsivenCBs of its appearance. And, judging from t 
feebleness of its Umbs, aod the shortness of its ribs, whid 
resemble, says Professor Owen, those of the half-h 
half-gilled Proteus, such seems to have been the cbaractet " 
of the Archegosawrus. Its contemporary, the American 
Cheiratherium, as shown by its well-defined footprints, 
munt have been a stronger limbed and larger reptile, — a 
batrachian beightentd by a dash of the crocodile; and, 
thongh probably often a dweller in the water, the only 
vestiges of it whiib remain show thrtt it must have occ^ 
sionally stepped out of its river or lake, to take an airing 
on the banks. Such is nearly the sum total of oar knowl- 
edge regarding the reptiles of the CarboniferouB period.' 
Like mammals in the preceding Secondary ages, thflj* 
formed so inconspicuous a feature of the &uaa of die 
time, that until very recently it escaped notice, and so 
WOB not recognized as a feature at all. So far as we yet 

1 Lord EnnlBkillen possesses a fosiiil repiile allied to (lie CheriotherinR 
fmm Iha Torknhlre ronUHelcIs, the Parabiitrachus Colel (Owcd). A labj- 
rlntbodonl repl[lc, Baphnlei planicrpi (Owen), has tN:en Ibund In the Kora 
Scotia eoal- Held 9. Also footmarks orsaurold reptiles have been dtocoiwsd 
In Seotland bj Ur. Hugh HUler, and in the Forest of Dean I17 lb. €. 
Bromby. — W. S. 9. ' 
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know, the great Secondary division, in which reptiles, both 
in size and number, received their fullest development, had 
but few genera of mammals, — a small pouched animal, 
and small insectivorous ones : so fur as we yet know, the 
great Palaeozoic division, in which fishes, both in size and 
number, received their fullest development, had but its 
two genera of reptiles, both allied, apparently, to the hum- 
ble batrachian order. The reigning dynasty of the one 
period, though the mammal was present, was not that of 
the mammal, but of the reptile : the reigning dynasty of 
the other peno<l, though the reptile was present, was not 
that of the reptile, but of the fish. 

The fishes of the poal Measures, in especial the reptile 
fishes, were in tnith very high types of their class. I have 
already incidentally said, that with the humble Menobran- 
chus or salamander of the great North American lakes 
and their tributaries, there is a true reptile fish associated ; 
— an order of creatures of which, so far as is yet known, 
there exists in the present creation only a single genus. 
It would almost seem as if the Lepidosteus had been 
spared, amid the wreck of genera and species, to serve us 
as a key by which to unlock the marvels of the ichthyol- 
ogy of those remote periods of geologic history appropri- 
ated to the dynasty of the fish. Tliis wonderful creature 
is covered by scales, not of a homy substance, like those 
of the fish common at our tables, but of solid bone, enam- 
elled, like the human teeth, on their outer surfaces. Its 
own teeth are planted in double rows of unequal size, the 
larger being of a reptilian, the smaller of an ichthyic char- 
acter; and the front teeth of the lower jaw are received, 
as in the alligators, into sheath-like cavities in the upper 
jaw, — another reptilian trait. Its vertebral column, wholly 
unlike that of other fishes, each of whose vertebraj con- 
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of m double cii|s is Ibnned of ▼w te br g one end of 

vhicb coosistft of a cap and another of a ball, -—a diarao* 

tertttie of the snake; h poescsses troe gtll% like all other 

iahes: bat then it also poescsses a pecoliar form of eellQlar 

aBF-bLadder, opening into the throat by a glottisy wllid^ 

accoctiini^ to Agaasiz, oar highest aathority, performs res> 

pcrttorr (anctions. The Lepidosteoa^ says Sir Charles 

LvvlL. in tiesmbii^ in his second series of travels in the 

ITsited StitesL an individoal which he had seen, in sailing 

*nrTw» Lake Solitary* leap like a trout or salmon over this 

sorfifece. in*p«rsait of its prey, — *^the Lepidostens, whoso 

kdrl :thiaia^ wales are so strong and difficnlt to pieroe 

iktt k <an «arvely be shot, can five longer out of the 

wiCiir zJuM mj other fi$h of the United States, having a 

ar^ vr<*!t.!;ir sviEsmtn^-bladder, which is said almost to 

«r»ie :a*; rc-rv-cse of 2k ival lung." Further, we find Agas- 

scx <Ci::Tj:. i::: bi* -Like Superior,'' that the Lepidosteus is 

ciw .-c :iv <wines5 ot fishes^ darting like an arrow throagh 

^if ^x:*rN;. jlzlI ovvn.\>niIng with fiicility even the rapids 

vc :i»^ X ^.^Ln. He skl U further, that when at the latter 

^rc*k>;* •i^r^ wj* i liri?^ specimen caacrht for him, — the 

ir^ I:*:'?:^ sr^viraei he had ever seen ; and that ^ to his 

^TV>*: .klziT'.:* i* ^tll is to his utter astonishment, he saw 

t>,» fch m.^riris: ::s heiivl a{v>n itc? neck freely, right and 

W<i. And upw:&r:s, &s a sauriaiL an*! as no other fish in ere- 

«t^>a docs^"* The true native Yankee has a mode wholly 

>,:s own* and some whnt nnlolent of the revolver and the 

Wwie*knitS.\ of describing the peculiar immunities and 

htjih stan^iiwc of the Le|nd*>?teus or, as he familiarly terms 

i\ the ir-tr^rike- ••The g:ir-pike is," he says, «a happy 

1v\*o^\ ^-ind U\its all tish-civation : he can hurt everything, 

*iid tt\^hing OAU hurt hiiu." And such is the living type 
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of what was the prevailing and dominant family of the 
£iana of the Coal Measares. 

The great size and marvellous abundance of those rop* 
tile fishes of the Carboniferous period may well excite 
wonder. One ironstone band in the neighborhood of 
Gilmerton has furnished by scores, during the last few 
years, jaws of the Jihizodus Hibberti and its congeners, of 
a mould so gigantic, that the reptile teeth which they 
eoDtain are many times more bulky than the teeth of the 
largest crocoililcs. Teeth and scales of the same genus 
are also abundant among the limestones of Burdiehouse ; 
— some of the teeth much worn, as if they had belonged 
to very old individuals and some of the scales, which 
were as largely imbricated as those of the haddock or 
salmon, full five inches in diameter. The broken remains 
of a Bunliehouse specimen now in the museum of the 
Royal Society of Edinburgh are supposed by Ag:issiz to 
have formed part of one of the largest of tnie fishes, — a 
fish which might be appropriately described in the sulv 
lime language applied in Job to Leviathan. If the gar- 
pike, a fish from three to four feet in length, can make 
itself so formidable, from its great strength and activity, 
and the excellence of its armor, that even the cattle and 
horses that come to drink at the water's side are scarce 
safe from its attacks, what must have been the character 
of a fish of the same reptilian order, from thirty to forty 
feet in length, furnished with teeth thrice larger than 
those of the hugest alligator, find ten times larger than 
those of the bulkiest Lepidosteus, and that was covcrhI 
Srom snout to tail with an impenetrable mail of enamelled 
bone? "Canst thou play with Leviathan as* with a bird? 
Canst thou fill his skin with barbed irons, or his head with 
fish-spears? Who can open the doors of his face? Hit 
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teeth are terrible round about; his scales are hia pride^ 
shut up together as a close seaL In his neck remainelli 
strength ; his heart is as firm as a stone, yea, as hard as a 
piece of the nether millstone. The sword of him that 
layeth at him cannot hold; the spear, the dart, nor the 
habergeon. He esteemeth iron. as straw, and brass as 
rotten wood.** 

In the same waters as the formidable and gigantie 
Iloloptychean genus there lived a smaller but still YWf 
formidable reptile fish, now known as the MeffoHehiA^ 
— a fish whose body was covered with enamelled quad- 
rangular scales, and its head with enamelled plates, both 
of so exquisite a polish, that they may still be occasionally 
seen in the shale of a coalpit., catching the rays of die 
sun, and reflecting them across the landscape, as is often 
done by bits of highly-glazed earthcrnware or glass. It 
was accompanied by another and still smaller, but very 
handsome, and scarce less highly enamelled, genus of the 
sauroid chiss, — the Dipiopterus, And if, after the lapse 
of so many ages, their armor still retains a polish so high, 
we may be well assured that brightly must it have glit- 
tervd to the sun when the creatures leaped of old into the 
air« like the Lepidosteus of Lake Solitary, aft^^r some 
v^tgmnt ephemera or wandering dragon-fly ; and brightly 
mu5l iho redivted light have flashed into the dark recesses 
\^f iho old overhanging forest that rose thick and tangled 
x^wr iho Ijiko or river side. The other ichthyic contempo- 
ixJtxN* v>f th\SO fishes were very various in size and aspect, 
VS^i*^ hVf their nuuil>er belonged to the same ganoidal 
sv K-^^^^vV^^'*^*^' onler as the Holoptychius and Mega- 
V vV^kv^ ai^d'lhe oihor half to that placoidal order repre- 
|a Mt o\i«tin^ $eas hy the sharks and rays. The 
^M^t e^luaries abounded, perhaps exclusively) 
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in ganoids, snch as the PalcBonisctis^ a small, handsome, 
well-proportioned genus, containing several species, — the 
JEurynoius^ a rather longer and deeper genus, formed 
somewhat in the proportions of the modern bream, — and 
the Acanthodes^ an elongated, spined, small-scaled genus, 
formed in the proportions of the ling or conger eel. On 
the other hand, the seas of the period, abundant also in 
ganoids, were tenanted by numerous and obsolete families 
of sharks, amply furnished both with razor-like teeth in 
their jaws for cutting, and millstonc-like teeth on tl>eir 
palates for cnishing, — furnished, some of them, with 
barbed stings, like the sting-rays, — and whose dorsal fins 
were armed with elaborately carved spines. The only 
representative of any of these genera of marine placoids 
which still exists, is the Cestracion, or Port-Jackson shark, 
a placoid of the southern hemisphere. 

We know that over the rivers and lakes inhabited by 
the ganoidal fishes of this period there fluttered several 
species of i.iaects mounted on gauze wings, like the Ephe- 
meridsD of tlje present day. At least one of their number 
mast have been of considerable size ; a single wing pre- 
served in ironstone, though not quite comj)lete, is longer 
than the anterior wing of one of our largest dragon-flies, 
and about twice as broad; and, as its longitudinal nervures 
are crossed at nearly right angles by transverse ones, it 
most have resembled, when attached to the living animal, 
a piece of delicate net-work. In the woo<ls, and among 
the decaying trunks, there harbored at the same time 
several species of snouted beetles, somewhat akin to the 
diamond beetles of the tropics; and with these, large, 
many-eyed scoq)ions. The mai*shos abounded in minute 
cmstaceans, of, however, a low order, that bore their gills 
attached to their feet, and breathed the more freely the 
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T:'r tliev danced; nnd tlie sens contained the 
; triicbitefi. I have alrendy referred incidentAlly 
."*, The fresh waters contmned rniiotu fbmu 
5' -tiK-ahiit similar to the pearl muMels of our 
in-t'-'.-.n-lor dejuUs of the sea had their braclii- 
iritVrs ;ini Pn^lueta; while mo}lusca of a higher 
r'-; ^vra:iii-s. s-^me of ihcm of a gigantic eise, 
•,t; i 0-:ii::t:n.-. — swam ahove. Corals of strange 
:7V a'c::; liiiit : thtre wtre wveral species oC 
I. wr.Li'h more roserabli'd the organ-pipe coral 
; il*t- ihai siill exists; with great nunibcn of 
••.i i'-'r:il. Turiiinolia, with its ]>oint tamed 
;v. : ktf ::.■.: of a t.'orniii.-ojn:», and with an animal 
vT- :o :hi' *«':i-am'niont'. esjiandcd, flower-like, 
■. r t" i. ^V:;}, i;;,si\ ti,Hi, tlu-re were gronjied 

- .1 -L , :-iX r.-L.i:tV.l with circular cells; and 
,: ■ : K.r,-:r, ■.',.., :r,,ic sotiiu'd reduced edition* 

A". ;-.-:-.:;:i'.y-i;.rtiu-d sca-iifchin, whoM 

.—-,''.< r- ■.-.^!.iiu-l with niiiiiice epines, ai 

■ r..r,. :.ir v-:' i. •■w,..t brier are roughened 

-. ■. ■: #'. n'v av.i.'TiL: ihi-se zoophytes by ita 

- ,, :.- •:.::'.M while l«>rests of Crinoidea 
- " . '. *i.".c al>r\>ad ihtir many arms from 

- .-•.■- ;.'.;. These Ior\'sls of Crinoidea or 

■•■-■■. i-r.i if ilie leading characteristics of 

-■.■•■» .-; :;-i; it'rivsJ. We may conceive of them 

■ .-i S*v.We-j\'ir.ied Mems rooted to the rocks, 

\ ^xtifmiti-ttxtari star^sh fixed on the top of 

I stras vere branched, some 

toer nji wvn richly palmatcd; 

t m eomef irhat might b« 

t vhirb vas in reali^ 

t loODd ind polished; in 
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Others, ornately carved into regular geometrical figures. 
Bat, however various in their appearances, they were all 
sedentary star-fishes, that, poised on their tall, cane-like 
stems, sent abroad their arms into the waters of the old 
Carboniferous ocean, in quest of food. The minute joints 
of the stem, perforated in the middle by a circular passage, 
and fretted by thick-set rays radiating from the centre, 
seem to have attracted notice in an early age, and are 
known in legendary lore as the beads of St. Cuthbert. 
Dr. Mantell states that he has found quantities of these 
perforated ossicula, which had been woiti as ornaments, 
in tumuli of the iincicnt Britons. And you will remem- 
ber that in "3Iarmion," the nuns of St. Hilda, who lived 
in a Liassic country, rich in Ammonites, had their stories 
regarding the snakes which their sainted patroness had 
changed into stone ; and that they were curious to know, 
in tarn, from the nuns of Lcndisfeme, who lived in a Car- 
boniferous district, rich in eucrhiites, the true story of the 
beads of St. Cuthbert. 



t* 



But fain St. Hildn's nuns would learn. 
If on a rock by Lcndisfcrne, 
St. Cuthbert sits, and toils to fmme 
The sca-bom tK'ads that l)car his name. 
Such tales had Whitby's fishers told, 
And said they might his shape behold, 
And hear his anvil sound. 
A deadened elan<j;, a liu<^ dim form. 
Seen but and heard, when ^thcring storm 
And night were closing round.' 



)» 



Otrtainly, if he fiibricated all the beads, he must have 
•been one of the busiest saints in the Calendar. So amnz- 
.ingly abundant were the lily encrinites of the Carbon- 
iieroaa period, that there are rocks in the neighborhood 
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of E.linbunrh of consi'lerable thiokno^ and great lateral 
exToiit, compn^c'l alnitist exclusively of their remains. 

Tlio 'lepth of I he CarlKmiferous sysstem has been well 

•Ie<4Tibe*l :i5 oiiorm«>us. Inclinlini;: the Mountain Lime- 

stoao. whi«*h is :v n i:\rine tic posit of the same period, and 

whi.-h mii'^t Ix? n?'^:irle«l a» fomiini; a member of the Coal 

Mc:is"in>4. tht re are «Ustrictj? of England in which, as esti- 

Kiaioi by M Lrucil, :i has attained the vast thickness of 

ttn ::...v:<i3'l rovt. In our own immediate neighborhood 

i: : vs r .:. iw t^imatod by a high authority, Mr. Charles 

M •.:' -"•■:. ■: ■..-*■■ t^^'ril half that Jepth. Our Carboniterous 

*" *:.::•. v.:! : 1 "^ '.Lo l%.»-i!yn and Calcifemus sandstones, 

; ■: ' -<■-.">: s. : :•. : : s - G t-t . I • ^-jy «. - f F i fo and the Loth i ans," 

L* 1 t :: :' .* ".' ■."^.:: I nve Iiun-lrvd tV-ot in thickness, — a 

i. ■ .^'^^ " v.- ,-. -x':.: h v^orn' than eijuals the heiglit of 

".', • V :. - -." . !.-../. rf ::..• Ml. That coal-basin 

* • ■'.•'- •■::•.'. ■- ~. \ r: i/y .nltiv;!!!'.! j>lain wliich 

,. - • ^ -. • < .:' - .^-.-Ti T!.-nk> r.f Arthur Seat 

■ :'. > . ■. It .': !.::_:: 'T^'^hiro, consitlerably 

. ■.... s ■ '■•: '. ■* ■ "■ - - '• '". itT'li: an<l, could it be 
:_ r. : .- ■ - : . '■ ■": " :'.'■: C:il«.irVTOus sanilstones, 
j^ : ". :-:.'. :'!!.•. !. .: iri : ..:; \ ^'jvii.ry be«ls of which 
i: ; •»:'^ " *'•».. '..ivr >•■• n ti.o ■•-.•■ !.• .I'.-w of the Com- 
•.."'k.:. r. r :. i divi^t.-d ..f it< w .:, r, :: wouM form hv 

m 

:*.r :'.t ;-:■•::. Iv-t va'.ley in S.-.'t!.;:i I. Of the bctls by 
u'r^.vh it is I'i'M :* '], it is c>timai«'d lii.-it about thirtv are 
^••M*., varvini: tV«»m m'VctiI fL-et t«i but a fow inches in thick* 
•oss; an-1 wu n-'W kin>u\ that tlnjuirh some of the coal- 
"ioams wore InnMid of «lrit\od ] slants an«l trees dej»osited 
;■: t!ie san-lv iM.tloni of some irreat lake or inland sea, bv 
lu'iU'h the Lrroater nund»i'r are uuilerlaced by bands of an 
.iltori^l voiretable s<»il, thicklv traversc«l bv ront< ; and 
in the ca>e of many of our larger mosses, the 
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plants which entered into their composition mast have 
grown and decayed on the spot. And of course, when 
the phints were growing, the stratum in whicli they occur, 
though subsequently buried beneath plummet sound, or 
at least thousands of feet, must have formed a portion 
of the surface of the country either altogether subacrial, or, 
if existing as a swamp, overlaid by a few inches of water. 
We have evidence of nearly the same kind in tlie ripple- 
markings, which are so abundant throughout all the shales 
and sandstones of the Coal Measures, from top to bottom, 
and which are never formed save where tlie water is shal- 
low. Stratum afler stratum in the whole ten thousand 
feet included in the system, where it is mostly largely 
developed, must have formed in succession the surface 
either of the dry land or of shallow lakes or seas ; one 
bed must have sunk ere the bed immediately over it could 
have been deposited ; and thus, throughout an extended 
series of ages, a process must have been taking place on 
the face of the globe somewhat analogous to that which 
takes place during a severe frost in those deeper lakes of 
the country that never freeze, and in which the surface 
stratum, in consequence of becoming heavier as it becomes 
colder than the nether strata, is forever sinking, and thus 
making way for other strata, tliat cease to be the suiface 
in turn. This sinking process, though persistent in the 
main, must have been of an intennittent and irregular 
kind. In some instances, forests seem to have grown on 
▼ast platforms, that retained their level unchanged for 
centuries, nay, thousands of yeara together ; in other cases 
the submergence seems to have been sudden, and to such 
a depth, that the sea ruslied in and occn])ied wide areas 
where the land had ))reviq^isly been, and this to so consid- 
erable a depth, and for so extended a period, that the 



244 LECTURES ON GEOLOGT. 

ridges of coral "which formed, and the forests of Encrimtes 
which gi'ew, in these suddenly hollowed seas, composed 
thick beils of marine limestone, which we now find inter- 
cahited with coal-scams and lacustrine silts and shales. 
There seem, too, to have been occasional npward move- 
ments on a small scale. The same area which had been 
oooupieil first by a forest, and then by a lake or sea, came 
to be occupied by a forest again ; and, though of comae 
more deposition might have silted up the lake or sea to 
the level of the water, it is not easy to conceive how, wrQ^ 
out )H>sitive upheaval for at least a few feet, such surfiiees 
at the water-level should have become sufiiciently consol- 
idatovi for tlie production of gigantic Araucarians and 
Pinos. But the sinking condition was the general one; 
p;;itl"onn aft or platfonn disappeared, as century after cen- 
tury nulled away, impressing upon them their character 
as thoy passtvl ; and so the Coal Measures, where deepest 
a?id ir.ost oMi'iisive, consist, trom bottom to top, of these 
buriiHl ]^'.;i: forms, ningtHl like the sheets of a work in the 
\v;:rso of printiii;!, that, after Ix^ing stamped by the press- 
r.v;:i, :;rt^ tlu^n j^Iiiooti horizontally over one another in a 
p:!o. -Vnothor T\Muarkab!e oircuni stance, which seems a 
diixvt r^^sult of tlio scinie j^hysioal couditions of our planet 
AS ihvVio ovor-roonrriiig subsidences, is the vast horizontal 
o\!ont and rirs:>;i'uoy of those platforms. The Appalla- 
\'ln;;n i\vd t'onn;\tion in the United States has been traced 
b\ r^vtossx^r lUr.ry Kogx^r* over an area considerably 
i*\o*.v c\U!isi\o iV.an that of all Great Britain; and yet 
\*\%*tv ,s?v >*^:i\o vxf its IhvIs that seem continuous throngfa- 
our l*ho ct>*:^t Pittsbunx coal-seam of this field — a 
MMu\ »oudortully unitonn in its thickness, of fi*om eight 
Ux u\o*>o txvt must have oniv ctwered a surface of 
u\ucl\ thous;Uul sqiLiro miles. And this characteristic of 
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persistency, united to a great extent, in the yarioas plat- 
ibnns of the Coal Measures, and of ever-recurring sub- 
sidence and depression, which accumulated one surface 
platform over another for hundreds and thousands of feet, 
belongs, I am compelled to hold, to a condition of things 
no longer witnessed on the face of the globe. The earth 
has still its morasses, its deltas, its dismal swamps ; it has 
still, too, its sudden subsidences of surface, by which tracts 
of forest have been laid under water ; but morasses and 
deltas cover only very limited tracts, and sudden sub- 
sidences are at once very exceptional and merely local 
occurrences. Subsidence during the Carboniferous ages, 
though interrupted by occasional periods of rest, and occa- 
sional paroxysms of upheaval, seems, on the contrary, to 
Lave been one of the fixed and calculable processes of 
nature; and, from apparently the same cause, persistent 
swamps, and accumulations of vegetable matter, that equal- 
led continents in their extent, formed one of the common 
and ordinary features of the time. 

My subject is one on which great diversity of opinion 
may and does prevail. But, while entertaining a thorough 
respect for the judgment and the high scientific acquire- 
ments of geologists who hold that the earth existed at 
this early period in the same physical conditions as it does 
now, I must persist in believing that these conditions 
were in one important respect essentially different ; I must 
persist in believing that our planet was greatly more plastic 
and yielding than in these later times ; and that the mol- 
ten abyss from which all the Plutonic rocks were derived, 
— that abyss to whose existence the earthquakes of the 
historic period and the recent volcanoes so significantly 
testify, — was enveloped by a crust comparatively thin. 
Like the thin ice of the earlier winter frosts, that yields 

21* 
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un^ier the too adventurous skater, it oonld not sapport 
grtii weights, — table-lands soch as now exist, or moon- 
tAin chiJa>: and hence, apparently, the existence of yast 
«>«~An^ry plains nearly level with the sea, and ever-recuF- 
nng lierioda of sulisidence, wherever a coarse of deposi- 
4^v*a h&d overli;iad«ril the snrface. The jet further fact, 
!*.&: jkS we asrend into the uiiildle and earlier Palaeozoic 
T^f-rlcvisi. iLe iracie^ of land become less and less frequent, 
i;r.;il m Wiiilh scarv* a vestige of a terrestrial plant or 
tf.;n:Jkl vv^^r^ in ea:ire formations, seems charged with a 
(v*irr«:>rK'«:u:^ e evidence. I shall not say that in these 
T.r.saivju penois 

* A «i«:r8 j«4 ,xiK^ mnib'evi round the globe," 

jVc :rji :c7r£*>:r:Al : '.in:* of ihe Silurians show that land 
<\^>:o.*- :- c^ir. ::.e t.-.r'.U->i a^^-s in which, so flir as the 
cso'.'r;^: 'kT.:w->. ^.:..ll:y w;\5 ass^x^iatod with matter; bat 
-.: '•,■.:.■. scT-v. :"...*: ^i/.y a iVw insulaicd parts of the 
<.'.r;:*> s.-r.-f :... i «.: tiuir hi-ads above water at the 
; rr.,\ T: i "■■ ~ -*." • y::n:./.'y consolidated crust could not 
Kat -/rt "..v, : .:" -rv-^* 0M::::K-n:>; nor were the "moan- 
;j.:r> X.: <<::.;•■.. rv- :':.c hi/.s broudit foilhr It would 
^v v. :>.'.: r.-: ..v.:/. :hi C.xrV- niforous ages did there exist 
* :x:-.,v. ./. *'^ /:. \'.i <\u".v-r:itr.ir.:: I'lanet could exhibit 
av.x XiTx ^v"'^. ■.i-..': .1 Vn- :;•;::; v:*I:;ni; and even then it 
5»*v:v.s ;.'» *;...\v- Vv.--. A '..i:-..l vv ">';>: Ing ot' iminense flats, 
'.;r.x A'.-iV.. v.-.-ix h:\:\ : \ .'. sir «"i i.il;, in \* hii-h drearv swamps, 
v.'.V.O' uv. Vx .i.".i :'..". o-\.t:::'>.>, sma.l out on everv hand 

* ■ • 

rV r V. , ; V. . ; : \-,l s .", ". '. : ". » :; s;'» r. /. s ^ f : v. : ! «. s^ and a gignn tic and 
•Vv*vn:t\^;;s \cj:\ :.;::.:*. rVr.v.tVi. :i> I have shown, the only 
vrvvv.'.:**::: tl.;:.;n^ ot' ::'.i >.v:urv. Iviniolt held that the 
c^:":h» I' ;v\ :.*,:> to :\c F'vV^i. x*as onv vast plain, without 
h;!*. \>r \allcx. ar.d th.kt P^ira^iise itself like the blomen 
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fforien of a wealthy Dutch bnrgomaster, was cnrionsly 
hid oat upon a flat. We would all greatly prefer the 
Paradise of Milton : 

" A happy ninl seat of various rlews, 
Where lawns and level downs, whitened with flocki 
Gradnf^ the tender herb, were interposed 
With palmy hillocks and irrageoos vales 
Lnxuriant; and where murrouring waters fell 
Down the steep hills dispersed, or in blue lakes 
Embraced the fringed banks, with myrtle crowned." 

It was during the times of the Coal Measures that Burnett 
would have found his idea of a perfect earth most nearly 
realized, in at least general outline ; but even he would 
scarce have deemed it a paradise. Its lands were lands in 
which, according to the Prophet, there "could no man 
have dwelt, nor son of man passed through." From some 
tall tree-top the eye would have wandered, without rest- 
ing-place, over a wilderness of rank, unwholesome morass, 
dank with a sombre vegetation, that stretched on and 
iway from the foreground to the distant horizon, and for 
hundreds and hundreds of leagues beyond; the woods 
themselves, tangled, and dank, and brown, would, accord- 
ing to the poet, have " breathed a creeping horror o'er the 
frame;" the surface, even where most consolidated, would 
have exhibited its frequent ague-fits and earth-waves; and, 
after some mightier earthquake had billowed the landscape, 
dashing together the crests of tall trees and gigs^ntic 
shrubs, there would be a roar, as of many waters, heard 
from the distant outskirts of the scene, and one long wall 
of breakers seen stretching along the line where earth and 
sky meet, — stretching inwards, and travelling onwards 
with yet louder and louder roar, — Calamite and XJloden- 
dron, Sigillaria and Tree-fern, disappearing amid the foam, 
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LECTURE SIXTH. 

demote Antiquity of the Old Red Sandstone— Suggest ive of the Ttst Tracts of 
Time with which the Geologist has to deal— Its great Depth and Extent in 
Scotland and England — reculiarity of its Scenery — Reflection on first dis- 
eof-ering the Outline of a Fragment of the Asterolepis traced on one of its 
Rocks — Consists of Three Distinct Formations — Their Y^^table Organisms 
—The Caithness Flagytones, how formed — The Fauna of the Old Red Sand- 
stone — The Ptericbthys of the Upper or Newest Formation — The Cephalaspis 
of the Lower Formation— The Middle Formation the most abundant in Or- 
ganic Remains- Destruction of Animal Life in the Formation sndden and 
violent— The Asterolepis and Coccoeteus — The Silurian the Oldest of the 
Geologic Systems — Tliat in which Animal and Vegetable Life had their earliest 
beginnings— The Theologians and Geologists on the Antiquity of the Globe- 
Extent of the Silunan System in Scotland— The Classic Scenery of the Coun- 
try situated on it — Comparatively Poor in Animal and Vegetable Organisms — 
The Unfosslliferoas Primary Rocks of Scotland — Its Highland Scenery formed 
of them — Dejicription of Glencoe — Other Highland Scenery glanced at — 
Probable Depth of the Primary Stratified Rocks of Scotland — How deposited 
— Speculations of Philosophers regarding the Processes to which the Earth 
owes its present Form— The Author's Views on the sul^ect. 

I INCIDENTALLY mentioned, when describing the Oolitic 
productions of our country, that the shrubs and trees of 
this Secondary period grew, on what is now the east coast 
of Sutherland, in a soil which rested over rocks of Old 
Red Sandstone, and was composed mainly, like that of the 
county of Caithness in the present day, of the broken de- 
bris of this ancient system. We detect fragments of the 
Old Red flagstones still fast jammed among the petrified 
roots of old Oolitic trees ; we find their water-rolled peb- 
bles existing as a breccia, mixed up with the bones of huge 
Oolitic reptiles and the shells of extinct Oolitio molluscs ; 
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we erro find some of its ronnded masses incnifited over 
vitb Ui« eoraU of the Oolite: the masses had existed in 
tlua remote age of the world as the Bsme gray indnrated 
blocks of Gtone that tre Gnd them now; and busy Mad- 
icpoiiles, — Isastnea »nd TharanastrsBa, — whose speciei 
lum loi% aiBce perished, built np their stony cells on the 
nfidfiMrndBtioiu which the masses furuishod. Kay, within 
Iht dom oonpressei] folds of these flagstones lay their 
MBJ rariooa fbssiU, — glittering scale, and sharp spine, 
wmd ccrabnJ bockler, — in exact!}- the same state of keep- 
lag M aov; and had there been a geologist to take ham- 
Mcr bi hand bi that Oolitic period, when tlie spikes of tbfl 
• fS^yvMM were green upon the living tree, and the 
tatumn waved its tall head to the breeze, 
W *o«U bare foand ia these stones the organisms of a 
tim* tbat would have seemed as remote then as it does in 
tht ftvetax late a^ of the world. We may well apply to 
tkia iBcalcnlablr ancieot Old Red system what Word*- 
VAinb says <tf his old Cumberland beggar — . 



Tbi* fitiokpa^ thrcHi^ the medium of the high antiquity 
«<f tbe Oolite, iif an autitiuity Tastly higher still, — thai of 
lh« OM Ked Saudstoue, — may well impress us with tbtf 
vnonNixts est^Dt of thiise tracts in time with which the 
pe»il«(jkal hbtoridD is c^«d on to deal. There are some 
tif tb« ksaer pl;ui«ts that seem to the naked eye quite as 
distant as tanay i»f those fixed stars whose parallax the 
l»lnu»o«nvr h;u fitileil lo ascertain ; but when they come 
into a 8l»to of juxtaposition, and the. moveless star is seen 
tlimly thniu^ the atmosphere of the moving planet, we 
am taojglit bow enonuooa must be those tracts of spac« 
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which intervene between them, and keep them apart. 
And it is thoa with the periods of the geologbt. Even 
the comparativelj near are so distant, that the remote 
seem scarce more so ; but the dead and stony antiquity of 
one system, seen as if through the living nature of another, 
enables us, in at least some degree, to appreciate the vast- 
ness of those cycles by which they were separated. It is 
£irther interesting, too, thus to find one antiquity curiously 
inlaid, as it were, in another. We feel as if, amid the an- 
cient relics of a Pompeii or a Herculaneum, we had stum- 
bled on the cabinet of some Roman antiquary, filled with 
bronze and granite memorials of the first Pharaohs, or of 
the old hunter king who founded Nineveh; — things that 
in times which we now deem ancient had been treasured 
np as already grown venerably old. 

The Old Red Sandstone underlies the Coal Measures, 
and is, in Scotland at least, still more largely developed 
than these, both in depth and lateral extent. In Caithness 
and Orkney, one of the three great formations of which it 
consists has attained to a thickness that equals the height 
of our highest hills over the sea.^ The depth of the entire 
system in England has been estimated by Sir Roderick 
Murchison at ten thousand feet ; and as these ten thousand 
feet include three formations so distinct in their groups of 
animal life that not a species of fish has been found com- 
mon to both higher and lower, it must represent in the 
history of the globe an enormously protracted period of 
time. 

The scenery of the Old Red Sandstone we find much 
aflTected to the south of the Grampians, like that of the 
Coal Measures, by the presence of the trap rocks ; but in 

1 The Cafthnefls flagstones and their ichthyolitcs constitate, accordingly 
to Sir B. Murchison, the central portion of the Old Red eronp.— W. 8. S. 
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the Dortb, wbcre tbei'e is no trap, it bears a character 
deddeOly its own. It is remarkable for rectilinear ridgw^ 
, elungaied fur tnilc», that, when l\tey oc«iir in serai-Uighland 
dtstricta, where the primary rocka have been beared into 
ware-like liiils, or asceni] into bol<ily-eontoured roonntainR, 
constitute & fcittiire noticeable for the contrast which it 
fonns to all the other ffatures of the scene. In approach- 
ing the eastern coast of Caithness from the south, the 
voyager first sees a mountain country, — tlie land piled up 
vtera and high, — the undulations bold and abrupt. He is 
looking on the Highl.indsof Sutherlandi^hire. Alt at once, 
however, the aspect of the landscape changes ; — the bro- 
ken and wavy line suddenly descends to a comparatively 
low lerel, an<), wholly altering its character, stretches away 
to thei north, straight as a tightened cord, or as if described 
by a ruler. Caithness, thus seen in profile, reminds one of 
» long, ibin proboscis, or mesmerij^d arm, stretched stiffly 
out from the Ilighbnds to the distant Orkneys. In sailing 
npwanls along the Moray Frith, the line which defines 
ae^kwnnls the plain of Easter Ross, from the HQI of Ni^ 
to tlic low rocky promonlorj- of Tarbiit, topped by its 
lighthouse, presents nearly the same rectilinear character. 
Another long straight line which nicct» the eye on enter- 
ing the bay of Cromarty, stretches westwards from the hill 
of granitic gneiss immoliately over the town, and runs (br 
many miles into the interior, along the bleak ridge of the 
Ulaok Isle. Yet another rectilinear line may be seen run- 
ning on the south side of the Moray Frith, from beyond 
Iho Moor of Culloden, which it includes, to the eastera 
end of Lix-h Ness, And in all these instances the rectili- 
Btfiir ridges are composed of Old Red Sandstone. On 
vomc localities on the ^aboard of the conntry, the system 
U mmh tniv«r«ed by friths sod bays, and what in CaiAr 
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ness and Orkney are tenned goes^ *^ narrow inlets in the 
line of &ult8, along which the waves find straight passage 
fir into the interior. From the Hill of Nigg, the centre of 
an Old Red Sandstone district, the eye at once comman<ls 
three noble friths, all scooped out of the deposit, — the 
Frith of Cromarty, the Dornoch Frith, and the upper 
reaches of the Moray Frith. It commands, too, what is 
Rcaroe less a feature of the Old Red system, — the rich 
oom-bearing plains of Moray and of Easter Ross ; and from 
the union which the prospect exhibits of two elements dis- 
sociated elsewhere in the country, — the rich softness of a 
Lowland scene, with numerous arms of the sea, charactcr- 
iatic elsewhere, as on the western coast, of a Highland one, 
— it forms a landscape unique among the landscapes of 
Scotland. But perhaps the most striking scenic peculiari- 
ties of the Old Red Sandstone are to be found in its rock- 
pieces. The Old Man of Hoy, with its mural rampart of 
precipices, not unfurnished with turret and tower, and wide 
yawning portals, and that rise a thousand feet over the 
waves; the tall stacks of Cannisbay, ornately Gothic in 
their style of ornament, with the dizzy chasms of the 
neighboring headland, in which the tides of the Pentland 
Frith forever eddy and boil, and the surf forever roars; 
and the strangely fractured precipices of Holbum Head, 
where, through dark crevice and giddy chasm, the gleam 
of the sun may be seen reflected far below on the green 
depths of the sea, and, venerable and gray, like some vast 
cathedral, a dissevered fragment of the coast descried rising 
beyond, — are all rock-scenes of the Old Red Sandstone. 
When I last stood on the heights of Holbum, there was a 
heavy surf toiling far below along the base of the over- 
hanging wall of cliff which lines the coast ; and deep under 
my feet I could hear a muffled roaring amid the long, cor- 

22 
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ridor-like caves into which the headhmd is hoHowed, and 
which, opening to the light and air &r inland, by narrow 
Tents and chasms, send np at such seasons, high over the 
blighted sward, clouds of impalpable spray, that resemble 
the smoke of great chimneys. As I peered into one of 
these profound gul&, and dimly marked, hundreds of feet 
below, the upward dash of the foam, gray in the gloom ; 
as I looked, and experienced, with the gaze, that mingled 
emotion natural amid such scenes which Burke so well 
analyzes as a consciousness of great expansiveness and 
dimension, associated with a sense of danger, — my eye 
caught, on the verge of the precipice, the outline of part 
of an old reptile fish traced on the rock. It was the cra- 
nial buckler of one of the hugest ganoids of the Old Red 
Sandstone, — the Asterolepis. And there it lay, as it had 
been deposit<?d, far back in the bypast eternity, at the bot- 
tom of a muddy sea. But the mud existed now as a dense 
gray rock, hard as iron ; and what had been tlie bottom of 
a Palaeozoic sea had become the edge of a dizzy precipice, 
elevated more than a hundi'ed yards over the surf. The 
world must have been a very different world, I said, when 
that creature lived, from what it is now. There could have 
been no such precipices then. A few flat islands comprised, 
in all probability, the whole dry land of the globe ; and 
that emotion of which I have just been conscious, is it not 
something new in creation also? The deep gloom of these 
perilous gulfs, these incessant roarings, these dizzy preci- 
pices, the sublime roll of these huge waves, — are they not 
associated in my mind "^nth a certain dim idea of danger, 
— a feeling of incipient terror, which, in all God's creation, 
man, and man only, is organized to experience? Is it not 
an emotion which neither the inferior animals on the one 
hand, nor the higher spiritual existences on the other, can 
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in the least feel,— an emotion dependent on the union of 
a living soul with a fragile body of claj, easily broken ? 

The Old Red Sandstone consists, as I hare said, of three 
great formations, furnished each, in Scotland at least, with 
its peculiar group of fossils. In the upper division — that 
which rests immediately under the Carboniferous system 
— a few straggling plants of the Coal Measures have been 
occasionally fi>und ; but, so far as I know, no plant peculiar 
to itsel£ In the middle (lower) division we find traces of 
a peculiar but very meagre flora, I detected about ten 
years ago, among the gray micaceous sandstones of For- 
fiirshire, a fucoid furnished with a thick, squat stem, that 
branches into numerous divergent leaflets or fronds of a 
dim, grass-like form, and which, as a whole, somewhat 
resembles the scourge of cords 'attached to a handle with 
which a boy whips his top. And Professor Fleming de- 
scribes a still more remarkable vegetable organism of the 
same formation, which, to employ his own well-selected 
words, ^ occurs in the form of circular flat patches, com- 
posed each of numerous smaller contiguous circular pieces, 
altogether not unlike what might be expected to result 
from a compressed berry, such as the bramble or rasp." * 
In the lowest {middle) division of the Old Bed traces of 
land plants become very rare. Many years ago, at Crom- 
arty, I detected, in one of its oldest fossiliferous beds, a 
fragment of a cone-bearing tree, remarkable as being the 
oldest piece of wood ever found, that, when subjected to 
the microscope, exhibits the true ligneous structure ; and 
I possess a small specimen from Skaill, in the mainland of 
Orkney, also detected in one of the lower beds, which 

1 Parlay decipiem. See " Testimony of the Rocks/' latest edition. For 
notice of a Lepidodendron occurring in the Forfarshire sandstone, see like* 
wlM " Testimony of the Bocks/' page 441^7. — L. M. 



256 LECTURES ON GKOLOQT. 

formed, apparently, a portion of aome nnmeless fcm ; but 
the other vegetable remains of the lower (middle) division, 
though sufficiently abundant in some localities to give a 
fissile character to the rock in which they occur, are, with 
one doubtful exception, all marine. They were the weeds 
of a widely extended sea, in which land was at onoe veiy 
unfreqnent and of very limited estenl. In the neighbor- 
liood of Thurso my attention has been attracted for ser* 
eral yeara past by a curious appearance among the flag* 
stones of the district, — there enormously developed, — 
which I am disposed to regard as indicationa of the exist- 
ence of vast mud flats of the Old Red Sandstone, thit 
occaflionally showed their surfaces above water for perhapi 
weeks and months at a time, but which were, in every 
instance, submerged ere they acquired coverings of t«rreB' 
trial vegetation. The flagstones, now known very exten- 
sively over Europe- as the Caitlmess flag of commerce, 
must have been deposited at the bottom of a shallow Bei^ 
in the form of beds of arenaceous mud, largely charged 
with organic matter. T4jey abound in minute ripple- 
niarkings, which could have been formed only a few feet, 
or at roost a few fathoms, under the snrlace ; and betwe^ 
these rippled bands, for a aeries of beds together, there 
occur bands which had been evidently subjected to a Arj- 
ing process, so that, as happens with the bottom of S 
muddy pool laid dry during the summer droughts, tbej 
cracked into irregidarly polygonal divisions ; and as, whtftt 
again submerged, a sudden deposition filled up the cracky 
ve can still trace these marks of desiccation as distinctly 
in the stone as if they had been made by the sun of the 
previous week. Hall, of Leicester, spoke, in one of Ht 
illnatrations, of *' a continent of mud;" and it would seeoi 
that in the earlier ages of the Old Red Sandetono, oontt- 
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Bents of mud were not mere figures of speech, but that, 
oyer dark-hued and shallow seas, mud-banks of vast extent 
ooeasionallj raised their flat dingy backs, and remained 
hardening in the hot 'sun until their oozy surfaces had 
eracked and warped, and become hard as the sun-baked 
brick of eastern countries ; and that then, ere the seeds 
cf terrestrial plants, floated from some distant island, or 
wafted in the air, had found time to strike root into the 
crevices of the soil, some of the frequent earth-tremors 
of the age shook the flat expanse under the water out of 
which it had arisen, and the waves rippled over it as 
before. The features of a scene so tame and unattractive 
-» features which none of the poets, save perhaps the 
tmthful Crabbe, would have ventured to portray — will . 
not strike you as very worthy of preservation. There is 
certainly not much to excite or gratify the fancy in a scene 
of wide yet shallow seas, here and there darkened by for- 
ests of algSB, and here and there cumbered by archipelagos 
of flat, verdureless islands of mud that harden in the sun ; 
bot, regarded as embryo and rudimentary land, even these 
mad-banks may be found to possess their modicum of 
interest. And we know that in the shallows of that 
moddy sea, the Creator wrought with all his wonted wis- 
dom and inexhaustible fertility of resource, in the produc- 
tion of a dynasty of fishes of very extraordinary form, but 
high type, and which manifested exquisite Acuities of 
adaptation to the circumstances in which they were placed. 
In glancing at the fauna of the Old Red Sandstone, let 
ns imagine three great platforms from which the sea has 
just retired, leaving them strewn over' with its spoils, — 
chiefly fishes. These platforms represent the three great 
periods of the system ; and in each do we find the group 
•pecifically, and in several instances generically, distinct. 

22* M 
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III ihe npper or iiewcr plutform — that immeiliately undti, 
the Coal Measurea — there occur several species of Ilolop* 
lychiug, all of thcia of smaller dinienstonB than the giaol 
of the Carboniferous system, but, So proportion to their 
bulk and Bize, even more Bliongly armed. With tJie Ho- 
loptychius there was associated a fish of the same Celt 
canth family, the Bathriolepis, and several curinus fishei 
of what is known as the Dipterian family, such as tha 
Stagoiidlepis' and Glyptolepis. It contains also at least 
three species of Pterichthys. One of those, the Puric/i' 
iftys major, which occurs in the upper sandstones of 
Moray, is of greater size than any of the others 
temporaries, or than any of the older species ; as if, in 
least point of hulk, the creature received its fullest devel- 
opment just when on the eve of passing away.' This 
strange Ptcrichthyan genus first appears at the base of tha 
Old Red Simdstone, and disappears with its upper bed& 
It is peculiarly and characteristically the distinctive orgaS' 
ism of the system, for in no other system does it occur; 
and it has a yet further claim on our notice here, from the 
extreme singularity of its construction, "It is impossi- 
blc," says Agiissix, in his great work on fijssil fishes, "it 
is impossible to find anything ntoic cf^ceiitric in the wliolft 

> Tbe SlagonolcpiB la noir nndcr exnTnlnHlion b9 (o Hbethentt li toln 
ranked u fish or rcpllle. Sir R. Uurchlsan mcnllons Ihia In bli lot 
■ddrcsB to (he Leeds Brilish AssodnlJon, as still undetermined. — L. H. 

1 Associated with this lari;e Ftcricbibyg kk now found not 0DI7 ths 
Telerpoton ElKinense. a einall lonoise, but footprints of lsr)(«r lepdlH, 
some only of greater size than the Tclerpclon, olbcra conslderad to Kp- 
proach mom neorly In bulk and ronformation to some of thOM of tt» 
tucceedlnit eras. When I Intel)' visited tbe Museum at El^fn, I ww gtM- 
ifled by seeing sandstone slabs bearln|{ Ibc tnires of each of thwo; iMtL 
was told that the best specimens had beett sent to London for esaralnstloa. 
It Is probable ibai tbe? will hare been btwftillf named and ■omamed tf 
tbewconlfere thoneztedlUoDor this woik \t rcAdyfordM piwi. — L.1L' 
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ereation than this genus. The same astonishment which 
Cuvier felt on examining for the first time the Plesio- 
saari, I myself experienced when Mr. Hugh Miller, the 
original discoverer of these fossils, showed me the speci- 
mens which he had collected from the Old Red Sandstone 
of Cromarty.** And we find Humboldt referring, in his 
* Cosmos," to this strange Pterichthyan genus in nearly 
the same terms. This, I suspect, is no place for strict ana- 
tomical demonstration ; and so, instead of elaborately 
describing the Pterichthys, I shall merely attempt sketch- 
ing its general outlines by the aid of a few simple illus- 
trations. When, in laying open the rock in which it lies, 
the nnder part is presented, as usually happens, we are 
struck with its resemblance to a human figure, with the 
arms expanded, as in the act of swimming, and the legs 
transformed, as in the ordinary figures of the mermaid, 
into a tapering tail. On further examination, we ascertain 
that the creature was cased in a complete armature of 
dMd bone, but that the armor was of different construc- 
tion over the different parts. The head was covered by a 
strong helmet, perforated in front by two circular holes, 
through which the eyes looked out. The chest and back 
were protected by a curiously constructed cuirass, formed 
of plates ; and the tail sheathed in a flexible mail of osse- 
ous scales. The arms, which were also covered with 
plates, were articulated rather to the lower part of the 
head than to the shoulders; and this by what at first 
appears to be simply a ball-and-socket joint, like that of 
the human thigh, but which, on further examination, proves 
to be of a more complex character, as we find a pin-like 
protuberance from, the socket finding, in turn, a socket in 
the ball. The abdomen of the creature was flat ; the dor- 
sal portions strongly arched ; and not in our Gothic roofs» 
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confltructed on strictly mAthematical prindplea, do we 
dificover more admirable contrivances for combining in tlie 
greatest degree lightness with strength, than in the aidi 
of osseous plates which protected the Pterichthys. Nay, 
we find in it the two leading pecnliarities of the Gothic 
roof anticipated, — the contrivance of a series of ribs thtt 
radiate from certain centres, and the contrivance of tlM 
groin. The helmet was united to the cuirass by a cnriou 
and yet very simple joining, that united the principle of 
the dovetail of the carpenter to that of the keystone of 
t))0 architect. Farther, the creature, with its infleziUe 
cuirass and its flexible tail, and with its two arms, that 
combined the broad blade of the paddle with the shaip 
point of the spear, might be regarded, when in motion, 
as a little subaquoous boat, mounted on two oars and a 
soull. And such was the Pterichthys, — the characteristic 
organism of the Old Red Sandstone. I may remark, in 
oonnootion with this fish, — a remark, however, which 
bt»ar8 equally on all its ganoidal contemporaries, — that 
the development of its dennal or skin-skeleton, compared 
with that of its internal one, was singularly great. In the 
pivsent creation, with but a few exceptions, such as the 
Pangolin and Armadilla among quadrupeds, the crocodUes 
niul tortoises among reptiles, and the Lepidosteus and 
Polyoptenis among fishes, the dermal skeleton is but very 
slonderly represented. In our own species, for instance, 
it is rt^prosonted by but the teeth, the hair, and the nails; 
and wort^ there no other portions of us to survive in the 
fossil st:ito, each of the male animals among us would be 
rt*pit»soiitod by but ten toe and ten finger nails, one set of 
tooili, a poriwig, and a pair of whiskers. • But so complete, 
ou tho other hand, was the development of the dermal 
among the fishes of the Old Red Sandstone, thal^ 
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though in many instances no other parts of them survive, 
we find their outlines complete in the rock from head to 
tail. Dermal plates of enamelled bone represent the head ; 
dermal scales, also of enamelled bone, lie ranged side 
by side, like tiles on a roo^ in the lines in which they 
originally covered the body; and thickly-set enamelled 
rays of bone indicate the place and outline of the fins. 
As a set-o£^ however, against this great development of 
dermal skeleton in the ganoids of the Old Red Sandstone, 
tlieir internal skeletons were exceedingly slight, and in 
whole fiimilies entirely cartilaginous. 

The middle (lower) platform of the Old Red Sandstone 
has for its characteristic organism the Cephalaspis, or 
Buckler-head, — a curiously formed, bone-covered fish, 
with a thin triangular body, and crescent-shaped head, 
somewhat resembling in outline a shoemaker's cutting- 
knife. It had for its contemporaries several fishes armed 
with dorsal spines, of which only the spines remain, and 
of a gigantic Crustacean, akin, as shown by some of its 
plates, to our existing lobsters, but which in some speci- 
mens must have exceeded four feet in length. 

It is, however, on the lower (middle) platform of the 
system that we find its organic remains at once most 
abundant and most characteristic. The flagstones of 
Caithness and Orkney, and the nodule-bearing beds of 
Ross, Cromarty, and Moray, contain more fossil fish than 
all the other formations of not only Scotland, but of Great 
Britain, from the Tertiary deposits down to the Mountain 
Limestone. There are strata in which they lie as thickly 
as herrings on our better fishing banks in autumn, when 
the fisherman's harvest is at its best ; and, strange to say, 
not unfi^equently do the fish of a whole platform give evi- 
dence, both in their state of keeping and in their con- 
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i(r-u^£ asnaat. 'oaa liicTiUi Aed at oneei md ffiedbytio* 
i«nr atacj. 'V'«^ hm- uieiL fcili prewnting over wide aren 
Titt «^ rnrr-f^c ncJnH- — a rKmh of iJbe nneqiud oontn^ 
iMix of -uie miK-jt-f — -vij:^ a» in the case of recentlj 
3K^nf-£ inrrroiss. mirk^ iLii ^eolation had been sodden. 
^i jn*L. 1 £••-«. U.1C "UKi^ 7%a:.4izk« did not sniler finom the 
ip^coifrT wczMrks^ :<f ^lOffT &1MS: it would seem as if 
lil TUs ioa^ iiAiiuiL'iiiri^ <^ w>i«- tracts of sea had been 
IT otwn rax Qtui£ 4^ ibt 'r»:*n<c»zn. so that not an individual 
sn-'-'-rt. Ti 71*47 in»:«. Ta»t T^ssin* of his deceased neigh- 
Li v^ J- vTfc- ui* i's: TMUiii <»f As^ssiz. when introdnoed 
1. a -^ilts^r^iin ic i.^RsC-iisi. *M*ni Orknev, — "All these fiih 
•If*. i»» **iii»sa»: cii-iiU-.* — a TY-mark which he again and 
•- isjT-^i -^^t-rTvi "^it-TL ir.:rcouc^i to the Old Red ich- 
:: ,l::^c•^ :c J'-'Ti-L.-Tj LZ;L M.-rary. We have already 
s^»:T ■-j.Sw ".:>? .'. I-.s: : .i^:-?:-Tcnri '.aad of which the geol- 
.\r:< li i* i-<:_:-.': li-: :tr;-'ur- TrfivV in this eountrv waaa 

m 

ii:t' 1 >~ *: J -rr. : : 11. :i >si^ if- :■: :: i: : on 5 of 1 1 vol, a nd to sud- 
■-Ti: ii.i Ii?^-«rr: -* i-vi,*;.--* of the s<a: and that, though 
*:::«•! Kr tr.e jr.- :-.::•:: cf a rank and luxuriant flora, 
Ti i ;»5* r.'iiiLirrvus -ieiiizciis '.ivt-l without consciousness and 
cIk-1 w:: :..:•::: sufVrlr-i:. or for AZiinials fitted to enjoy the 
Tr«*r.: wi::..>u: :Lv::jhi or fear o-f the future, and to whom 
IL'l', ^"^ '-.r-: i> 'l.<y \[\v'L was pleiisure, and death merely 
:4 v-^.is:v^ ;o ly.\ w^- ovcclude that it could have been no 
•i-.'..L»^ :-.*:uc f.^r on>:iturx:'S of a liiirher order, whose nature 
ii :.> :o *^'.vk K'fon* and Whind lliem, — before them with 
■K>{»c or with ft-;ir, Wbind them with satisfaction or regret 

V!id ihcse <tnuii^^ platforms of sudden death — of no rare 
.>vvu: ivitvv iu the marine depths of the Old Red Sand- 
^L^■il^.• xhow that the sea in thesre early times was not less 
N^:>ii.vt 10 kli*:u>trv>us catastrophe than the land, — that that 
.iviu sA ujLixxiv which we now term its fixed order, and 
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OD whose permanency our minds have been framed to cal- 
colate, WHBf if I may venture the expression, enacted, but 
not enforced, and so the breaches of it were scarce more 
exceptional than the observance, — that life, greatly more 
emphatically than now, was the least certain of all things, 
— and that both in sea and on the land the young and 
immatore earth, like an inexperienced and careless nurse, 
was ever and anon overlaying and smothering its off> 
4>ring. 

Among the various ichthyic families and genera of 
the Lower and Middle Old Red Sandstone, — Acanths, 
Dipterians, Ccelacanths, and Cephalaspians, — I shall refer 
to only two, and that in but a few brief words ; the one 
remarkable for its great size, the other for its extraordinary 
organization. The Asterolepis seems to have been one of 
at once the earliest and bulkiest of the ganoids. Cranial 
bucklers of this creature have been found in the flagstones 
of Caithness large enough to cover the front skull of an 
elephant, and strong enough to have sent back a musket* 
bullet as if from a stone wall. The Asterolepis must have 
at least equalled in size the largest alligators ; and there 
were several points in which it must have resembled that 
genua of reptiles. Its head was covered with strong osse- 
ous plate^ ornately fretted by star-like markings, and its 
body by closely imbricated and dclieatcly-carved osseous 
scales. But it is chiefly in its jnws that we trace a rep- 
tilian relationship to the alligators. The alligatons among 
existing reptiles, and the Lepidostei among existing rep- 
tile-fishes, are remarkable for a peculiar organization of 
tooth and maxillary, through which certain long teeth in 
the anterior part of the nether jaw are received into cer- 
tain scabbard-like hollows in the anterior part of the 
upper jaw. The hollows receive the teeth when the 
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mouth is ebut, as the scabbard receives the sworf. Xow, 
in liie Aslerolcpia ibis reptilian peculiarity was not re- 
stricted to a small gronp of the anterior teeth, bnt per- 
vaded the entire jaw. Beside each of the creature's rep- 
tile teeth, in both jaws, there was a deep pit, whioh 
received the reptile tooth opposite; and thus, when (he 
animal closed its fbrmidabte mouth, the jaws would hin 
been locked together by their long teeth and deep reeip- 
lent hollows, as the crenellated jawe of a fox-trap locV inW 
each other when we release the spring. The other ith- 
Uiyollte of the Old Red Sandstone to which I shall 
is the Coceostem, — a ganoid that, so far aa we yel knov^ 
was restricted to this formation. Like the Pterichlh]«i 
with which it has been classed, it was provided with » 
helmet and cuirass of bony plate; but its caudal portion 
seems to have been naked, — a peculiarity of which we 
find no other example among the ganoids of this earij 
time. The Coccosteua was, however, chiefly remarkaUe 
for the form of its jaws.' More than ten years ngo I ven- 
tured to state, in the first edition of a little work on the 
Old lied Sandstone, that the jaws of this ancient fiah 
Bcemed, like those of some of the crustaceans, and of BotiM 
of the insects, to have possessed a horizontal action. 
Awai-e, however, that I was on dangerous ground, I exer- 
cised, in making the statement, some little share of Scoldi 
caution : the thing was, I stated, too anomalous to be 
regarded as proven by the evidence of the specimens yet 
fouud; and I mentioned it, I said, with but the view of 
directing attention to it. It was a question, I thought, 
worthy of being entertained, and so I craved' that it ahotiii 
be entertained, and specimens carefully examined. But 

t The CoccoRtcus possessed also tnie bony vertebraUe. See " Siluris," 
p. SM, new edition. — W. S. S. < 
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ipedmens were noi examined, at least no specimens that 
threw any light on the subject; and my very modified 
eUtement respecting it was written down a blunder on 
the yery highest authority. I kept, however, a steady 
eye on the rocks, as the real authorities in the case ; and, 
deeming myself bound as a geologist to observe carefully 
and record truthfully whatever they revealed, but as not 
in the least responsible for the anomalies of the revela- 
tion, I persisted in quietly collecting their evidence in a 
tnite of fossils, which has now fully convinced our first 
fx>mparative anatomists that there was an anomaly in the 
itmcture of the jaws of this ancient fish, unique among 
the vertebrata ; and that, in calling to it the attention of 
the scientific world, I was in the right, not in the wrong. 
The under jaws contained two distinct sets of teeth ; the 
me set or group in the line of the symphysis, the other 
■et or group on the upper edge of the jaw, and placed on 
mch different planes, that they could not possibly have 
been brought into action by the same movement of the 
oondyles. And there are on the table specimens which 
■how, that while the gi*oup in the customary place, the 
npper edge of the under jaw, were made to act against 
a group placed in the nether edge of the upper one by the 
usual vertical .action, the groups so strangely placed in 
the symphysis, if brought into action at all, must have 
acted against each other through a lateral motion alto* 
gether unique. The jaws of the Coccosteus are interest* 
ing in another point of view, as being perhaps the oldest 
portions of any internal skeleton that have presented their 
atractnre to the microscope. And it is surely not unin- 
teresting to see the osseous substance, destined to perform 
00 important a part in the animal economy, presenting in so 
early an age its distinguishing characteristics ; in espedalf 

23 
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those arterial haverwon canals through which the aneient 
blood must have flown for its noarlahment, and those 
nnmeroue corpuscles of Iifo-points from which its organi- 
Eatiou bcgno, and which continued to remain open as the 
sheltering celts iu which its vitality resided. Was it im* 
possible, in the nature of things, we ask, thai life could bo 
equally diffused over hard and rigid earth built np inLo 
this new animal substance, bone? and was it therofuM 
merely sown over it in hollow microscopic pointA? Is 
bone rather a thing strongly garrisoned by vitality, thao 
itself vital 7 Direct questions cannot always, in the present 
imperfect state of our knowledge, receive answers equally 
direct; and these are questions to wbich our first physiol- 
ogists might hesitate lo reply. But we may at least safely 
infer, from the thorough identity of the osseous material 
tfirougbout all ages, that it was a material compooiided at 
all times by the same Architect, according to a prede* 
tennined recipe; that it is He who built up the corpnsdet 
and arranged the canals iii that ancient jaw Thich ao 
excites our curiosity, that now malceth in the bumaa 
Bubject "the bones to grow;" and that, in bis eternal 
purposes, the existences of the most andent times may ba 
woven into the tissue of one great plan, with all tliat oow . 
exists, and with all that shall exist in the future. 

In retiring into the remote past, and descending front 
formation to formation as we retire, we have now reached 
that great Silurian group of rocks in which, so &r as that 
geologist yet knows, fossils first appear, and which repvw . 
Bents a period of incalculable vastness, in which lift, ao^ 
mal and vegetable, seems to have had its eariiest b^;iii* 
sings on our planet. Enormous as is the depth of aoxan 
of the other systems, — such as the Old Red and the Caw 
boniferous systems, — they shrink into moderMe dimeM 
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Bions whenr we compare them with the traly vast Silurian 
depont. It was estimated only a few years ago, that the 
entire depth of all the fossiliferous strata did not much 
exceed six miles : it is now found by the geologists of the 
Grovemment survey, that the Lower Silurian strata of 
North Wales are of themselves about five miles in depth, 
while the Upper Silurian, as estimated by Sir Roderick 
liorchison, are about a mile more. Many of the beds, 
too, of both the Upper and Lower divisions must have 
been of exceedingly slow deposition, — formed far from 
land, and at the bottom of deep seas : nay, there are Silu- 
rian Limestones that can scarce be regarded as deposits 
at all, seeing that every calcareous particle of which they 
are composed was at one time associated with animal life, 
as the joints of crinoidea, the calcareous framework of 
eorals, or the shells of molluscs, all of which lived and 
died upon the spot that the rocks now occupy. And 
rocks of this character, when of any considerable thick- 
ness, must have been very many years in the forming. 
The sagacious Chalmers saw and taught, at the beginning 
of the present century, that ^ the writings of Moses do 
not fix the antiquity of the globe : " "if they fix anything 
. at all," he said, " it is only the antiquity of the species." 
But there were few among either teachers or pupils who 
saw so clearly as Chalmers ; and when the geologist first 
began to demand a long tale of years for the production 
of all the stony volumes of his record, it was, like the 
long price which the ancient sibyl demanded for all Aer 
▼olnmes, very decidedly refused him. Instead, however, 
of bating in the demand, or acquiescing in the denial, the 
geologists have been ever and anon returning, sibyl-like, 
to drive harder and yet harder bargains, and even to ask, 
ai they do now, as much for a single volume as they form- 
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crly nskeil for ihe wliole; but iheir library, nnlike tkat 
offered ill s:Uu tu the uld Roman, is undergoing do dimim^ 
tioa in bulk ; on the contrary, it« Tolames increaM il 
aumbcr ua tbe Aemund made for each is raised. Bui il 
is at least Rouielhing to be made to feel, by means of the* 
time-marks in the remote distance, that eternity b not i 
mere idle name, whii^h at times children employ in tbtuT 
catechisms, but a great and awful fact ; and that iu uil- 
measurable amplitude of duration closes as completdj 
around the systems of the geologist in time, as the isfinitj 
of extension closes araund the systems of the astronomei 
in space. It is one of the revealed chanicteristica of thl 
Adorable Creator, that " ironi everlasting to everlasting 
he is God." 

On the western coasts of Ross and Sutherland, on ■ 
general basement of broken primary hills of no great altf 
tude, we find the ( Cambrian) deposit occurring as a seriei 
of noble mountaina, now entirely insulated from each othetj 
and that yet give evidence, in their hnes of nearly horuEonr 
tal strata, that they once formed parts of a continuous be<^ 
which, ere the operation of the denuding agencies, bad 
overlaid, to the depth of from two to three thousand feet^ 
the gneiss and (jnurtz deposits below. They now exist, 
however, as n group of magnificent pyramids, compared 
with which those of Egypt are birt the toy erections of 
children ; and yet, from the rectilinear character of theix 
abrupt and mura! precipices, coursed as if with tears oC 
ashlar, — from their general regularity of form, their nttar 
bareness of vegetation, and their rich, warm color, which 
contrasts as strongly with the cold gray tints of the rookj 
platform on which they rest, as the warm color of o«f 
fresher public buildings with the cold gray of onr pavea 
streets or squares, — they seem rather works of humin 
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wntiiyanoe than productions of Natare. Seen from the 
west in a clear summer evening, when the red level light 
£ill8 on the still redder stone, but at a safficient distance 
to admit of those softening influences of the atmosphere 
which mellow the harsher reds into ciimson and purple, 
there is a gorgeous beauty in these pieces of Nature's 
masonry which it is scarce possible to exaggerate in de- 
scription. Beneath and in front we sec a tumbling sea of 
eraggy hills, which even the warm gleam of sunset scarce 
relieves from their sober tint of neutral gray ; while rising 
over them abrupt and bold, and lined with their horizontal 
bars, appear the noble pyramids in their rich vestures of 
regal purple, — the monuments of an antiquity compared 
with which that of Nineveh and Babylon belong to the 
morning hours of a day not yet come to its close.^ 

But it is peculiarly in the southern Silurian portions of 
the kingdom that ^scarce a mountain lifts its head un- 
sang.'' Yarrow, Ettrick, St. Mary's Loch, Leader Haughs, 
Tweedside, — especially along those upper reaches of the 
river where it mirrors, in its calmer pools, the classic ruins 
of Melrose and Dryburg, and the young woods of Abbots- 
ford, — the Galawater, Teviotdale, Lammermuir, Galloway, 
and Nithsdale, the springs of the Doon, the hills that 
rise over the source of Dee, and the ^ moors and mosses 
many" where the "Stinchar flows," — are all to be sought 
and found in the Silurian region of Scotland. It will 
■scarce do now to estimate the scenic merit associated with 
these names at its actual value. The words of sober truth 

1 The above description of the scenery of the West Hif^hlands is, fti 

Ikcc, that of the Silurian, although written before Sir Rodericli Mtirchison 

discoTered his error in laying down these mountains as Old Red. It is 

inserted here to fiU up the hiatus in description which would else occnr. 

— L.M. 
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would seem, iccordiDg to Wordsworth, *^ itnoige words of 
slight and scorn," — 

'* Wbai '• TaiTOw hat a riTcr bare. 
That glides the dark hllU under? 
There are a thousand such diewhere, 
Ai vofthr of our wonder." 

Even the indomitable good nature of Sir Walter 
scarce proof against what he deemed the disparaging, bt^^ 
I doubt not^ truthful, estimate of Washington IrriD^ 
"Our ramble,'* says this accomplished writer, in his •'A^^ 
botsford,** "^took us on the hills, commanding an extensiv^^ 
prospect. ' Now/ said Scott, * I have brought you, like tl^ ^ 
pilgrim in the •• Pilgrim's Progress," to the top of tb ^ 
Delectable 3Iountain>, that I may show you all the goodly 
regions hereabouts. Yonder is Lammermuir and Smal- 
holine; ami there you have Galashiels, and Torwoodlee, 
and Galawater; and in that direction you see Teviotdalo 
and the braes of Yarrow, and Ettrick stream winding 
along, like a silver thread, to throw itself into the Tweed.* 
He went on thus to call over names celebrated in Scottish 
song, and most of which had recently received a romantic 
interest from his own pen. In fact, I saw a great part of 
the border country s])read out before me, and could trace 
the scenes of those poems and romances which had in s 
manner bewitched the world. I gazed about me for a time 
with mute surprise, I may almost say with disappointment. 
I beheld a mere succession of gray, waving hills, line be- 
yond line, as far as my eye could reach, monotonous in 
their asj)ect, and so destitute of trees, that one could almost 
see a stout fly walking along their profile ; and the far- 
famed Tweed appeared a naked stream, flowing between 
bare hills, without a tree or thicket on its banks. I could 
not help giving utterance to my thoughts. Scott hummed 
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Ibr a momeiit to himself and looked grave. He had no 
idea of haying his muse complimented at the expense of 
his native hills. * It may be partiality/ said he, at length ; 
^but to my eye these gray hills, and all this wild border 
country, have beauties peculiar to themselves. I like the 
very nakedness of the land : it has something bold, and 
stem, and solitary about it.' " Yes ; there is no question 
that, had not the poets thought so, they could not have 
sung so honestly and warmly, and, of consequence, so 
Buccessfully : 

" The poet's lyre, to fix his theme, 
Mast be the poet's heart;" 

and so let us with a good grace acquiesce in their decision. 
The border land, with its Silurian groundwork, has its 
peculiar beauties ; and no one could portray them at once 
so graphically and so discriminatingly as Scott himself. 
Take, for instance, the passage in "Guy Mannering," where 
he describes his hero. Brown, and the redoubtable Dandy 
Dinmont, approaching Charlieshope after the rencontre 
with the gipsies on Bewcastle Moor. *^ Night was now 
&lling, when they came in sight of a pretty river, winding 
its way through a pastoral country. The hills were greener 
and mor^ abrupt than those which Brown had lately passed, 
sinking their grassy sides at once upon the stream. They 
had no pretensions to magnificence of height, or to roman- 
tic ^apes, nor did their smooth swelling slopes exhibit 
either rocks or woods; yet the view was wild, solitary, 
and pleasingly rural. Ko inclosures, no roads, almost no 
tillage : it seemed a land where a patriarch would have 
chosen to feed his flocks and herds.'' This is faithful de- 
scription, at once beautiful and characteristic ; and such of 
my audience as remember the exquisite landscape of the 
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* «f «ar <B — ti yman HarveT, ae exbibiu<l at Oit 
BmiI bMiCMMB hoViiD — if I remember aright — tho 
ymr IMC; wiA its gnjr racks, Us grecu swelling hlUs of 
mtSA aHdMe, iMd hs red—t tad hoaselcsa valley of dec^ 
«t ka«lMi% win be MMViDOMl, u I am, that where then 
i> fa tki wad & nilliii prostiaent requisite present, ti\t 
«^gm af ^ SStmam a » ATaiiable lor the purposes of 
Ik* pHMsr W IbrlkMC of tfa« poet, — that one requiuU 
\tmg Ac BOft T««7 ilifaahlii amJ maoj-sided fiusttUy repn> 
m m u A hy tbr wgtii nagtc w-ord peniu*. 

TW SBkmh of Smdasd, tboogb of very conaidernUe 
4ifi^«PC gRMfy Ism tich in of^gaaic remains than the 
maMBfann dtyoaili of England and the ContinenL 
VisK W^ vtgnr d>tT tr>ck, hundreds of feet in thickness 
■MB •» Wi« br«a formed at the bottom of profoand eeu 
1 dw «Mx> )i»e of aaunal or v^elable life. And even 
I of both kingdoms wen 
s very imperfectly preserved.' 
TW Aon «f tke »>J | — !■ Scotland is represented merely 
1^ m ftv •larfc-<i>k>nd carfamaceofu beds, which occjision- 
wBfftaK iBi^ aa uup«u« aathr^le or blind coal, and which 
M« ymhdhly Ueaiical ia tbetr <mgia with the aothncita 
vcUfls of StfttadimaTia, regarded by Sir Roderick Hnrdu> 
««■ « tke rwMaifts of large forests of alg» aod fad, wfaioh 
origiaalty eusti^ in the Siloriaa seas, aad which, fron 
Utvir perwhabl^ natnrip, have lost all trace of their original 
foms. la tk« ftskes of an anthracite of oar Soottiafa Silo* 

> A± HMMiMHil ia Af pnAra, k ii iMMd br Sir Boderick HnnJtiKa, h 
Ml bMdt addnw n tlw Britsk iMorimiiam,that twan; speciai cf SDa- 
riu fc«ttt kan beta dw wuw t d I>t Hr. PtMch ia a 
A* SItartu) raacliMMnK of Ac WcMcfa Hi)cfalu 
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viaofly which occurs near Traqaair, Professor Nicol, of 
Coric, observed, under the microscope, tubular fibres un- 
qnestionablj v^etable, but which he thought indicative of 
Tegetation of a higher class than our existing algsB. There 
is, however, a family of marine plants now represented on 
onr coasts by a single species, which had, I am inclined to 
think, its representatives at a very early period in our seas ; 
and which, had it existed during the Silurian ages, could 
have furnished the tubular cells. I refer to the Zostera, or 
grass-wrack, a plant of the pond- weed family, which, unlike 
any of the algae, has true roots, true flowers, true seeds, 
tough fibrous stems, and grass-like leaves, traversed by 
parallel veins, and that yet lives in the sea among lamifUP' 
rim and floridice^ far below the foil of our lowest stream- 
tides. It is worthy of notice, too, that the Zostera marina^ 
our recent British species, when driven ashore on parts of 
onr coasts at certain seasons, — as it always is, in great 
abundance, — decomposes into a substance much resem- 
bling peat, that, unlike the brown pulpy mass into which 
the algie in similar circumstances resolve, retains distinct 
trace of the vegetable fibre. It is further noticeable, that 
0ome of the vegetable remains of the Old Red Sandstone 
—the oldest specimens furnished by our Scottish flora that 
present aught approaching distinctness of outline — exhibit 
several traits that remind us of the leaves of gigantic 
Zostera. The vegetable impressions of some of the Caith- 
ness flagstones have rectilinear edges, and are traversed by 
parallel lines, scarce less strongly marked than the ridges 
of the Calamite ; but, from the extreme thinness of the 
impression left in the rock, they seem rather the veins of 
leaves than the fluted markings of stems. It is quite pos- 
sible, therefore, that though the anthracite beds of our 
Scottish Silurian system give evidence of the existence of 



05 GEOLOGY. 



1 > 'jT!*:? T^^Tscxritra iLia that of the algae, it may have 
jvT'i 1 'nAT^.'i T-*-,^*rCi:i-rc aocvithstanding. No terrestrial 
r^.m'. i^> 7 = : zt'iz. fr^ei^^el in the Silurians of either Eng- 
!;i.tI .1- >.-;rlizi : zz.'i ±«^ of the time, within at least the 
jiTi-L :c "_:-i S-.i^c ijk.,!:: ia^ seems to have been a poverty- 
sr-:i.ra f ■ ^^1 :c "li-* seA. cc-r^istini; mainlr of Fuci and 
A;re. 1^*1 -z-:! ^ : ~.r i* ia Litest forms a species or two 
:c Il..^->-u :•*. iBf i^ zi:re pn^lisible, of some extinct analo- 

T!»i >"xt:i3. i2=A ii S^-otland consbted also, so 6r 
ssi v-f ria ':*:'¥ Ji-Lrs rrs the broken remains, of but a 
!»: V ii.ir:i*i ?..Tr::<w I- the SLImian deposits of England 
i>K!«:> ifrrtiT. r*^*: .^ :it Scv^:ch Silurians we find nothing 

'^ u:-*':=- - ? t."T & 7"-" *:.:c or a ovi>h:iki|Kxioas mollnsc. 

T: . 7-. -r.:^ t-i:?^ •,•-..-■: iis :rc :r.o>t churaoteristic organic 

!; 'i v., -. I: :vv:rT\-I, als.\ though in types 

>••::. :.^. : :. i :i-: O. i Re 1 Sanilstonos of Ensriand 

i- ' '. / :: :;T'. lt l I L.;\o tV-iin-l wvll-markeJ spec- 

■'"*:.' : ■-■: M.i7:jjr l.:r.u>t.>ne of this nciffh- 

':« ^' ••■. — ■ V: : *"'- 1:.. - i- »:.:oh the familv fin all v dis- 

V ■ V ! > :;: -. -^ L> .•: :' i S".'.-r:.'in <v>iem that it received 

> ■.'.•< .-., . v.:?:. ':-. :b. ir. size an«l number; and 

•» - -^ ;■•" i: : ■->* -' >7^-*:%.-< have bt-en detected in 

'. ', > -■ ■ : .-.,.-.•.>.:> :* S:'::*ir. i. The Trilobite was a 

- X ^ ■ :,•'. ,---:uv ■.:.. -a^h-ici >:r.c^ the close of the Car- 

^ -, V ,> •.<->'..:.< r.^i r.? sii^aate representative in 

v^- :.*\ 'r :: *'".*>< r..\*.rs:->: dl*:t-s we have now to seek 

-i • ,-: \: : '* ; •*' ". " ■.' i V r : ; :v. ■.>*: rs*..-!. esptviiilly among the 

C-' ■ ■ ■>< ;^-.t:* ." r . ; .:s^ — ' .". : Ic i'-is^vi-like creatures, occasion- 

A > tV.-.".; .•.: >:.=!*;■• v: :-.v\x fi;rr.:shod with fin-like legs, 

r-.uxl :Vr s^ '.v. "■.•.•;:, b'.:: no: tor walking with, and that, 

s^.v**..::*-*.' >AVVx *:\cx dar.ir.s: hither and thither throu<;h 

ii\c v.i'ivr r\;ivi.c> ot the water, now swun along the sur- 
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&ce on their backs, and now on their abdomens. The 
Trilobites, like the Entomostraca, seem to have been 
fomiflhed with merely membranaceous, oar-like limbs, and 
moat have led a purely aquatic life as swimmers, — at one 
time oaring their way, back below, along the suri&ce of 
the sea, at another, back above, along the bottom^ But 
some of these Entomostraca of the Old Silurian ocean 
were, compared with their modem representatives, of 
great size. The JTamcUonottts delphinocephcUtts had a car- 
^Mice as large as that of an ordinary market crab, and the 
AsaphtiS tyrannua and Isoteiua megistos were each of 
them as large animals, though different in their propor- 
tions, as ordinary market-lobsters. But it seems to have 
been characteristic of both the flora and fauna of these an- 
ient times, that many of their characteristic forms should 
unite great size to a humility of organization restricted 
in the present ages to forms comparatively minute. The 
Trilobites of the Silurian system, like the Club-mosses and 
EquisetacesB of The Coal Measures, were of a Brogdig* 
nagian cast ; and, regarded as Entomostraca, we must hold 
-—to return to a former illustration — that we look upon 
them with eyes sharpened by an experience acquired 
among the productions of Lilliput. So far as we yet 
know, the higher contemporaries of the Trilobite in Scot- 
land were chambered shells of two well-marked genera, 
— that of the Orthoceratite, a long, straight, horn-shaped 
shell ; and that of the Lituite, which may be described 
as an Orthoceratite curled up into a scroll. And, asso. 
dated with these, we find some of the low brachio- 
podous molluscs of the more ancient types, such as Lep- 
tense, Orthes, and Spirifers. But by far the most char- 
acteristic organisms of our Scottish Silurians belonged 
to a low zoophitic family, allied by some of their affin** 
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i?f ;Wtr gmermi to tlie sea-penSy and by €e^ 
:<her i£=itM& ia some of their other general to the 
r-.&. T>«T m knovn to the geologist by the gene- 
* >«r Gru<^xite!L The Sertnlariay compound, plin^ 
Ik« salr^-jw ihM n»emble miniature boshes in sprinj^ 
;x«c a$ ib« hois ire barsting into lea^ are attached tl- 
v:&v!^ by their seaming roots, to rocks, shells, or seir 
v«««i. iB-i «o ne^^Txire a hard bottom; whereas the seir 
p<s^ oociroan<L feither4ike Zoophites, whose every fibn 
oxi:.iin5 i;5 row< of lining creatures, affect soft maddy 
boc:oai«. in which they may be found sticking by their 
q:iiIMike fvxatj^ like arrows in the soft sward around i 
t^r^t. I h:&ve seen them brought up by scores on the 
line? c»f :ho dsh^naan, out of a muddv ravine in the Mo- 
ny Frith, th^: sir.ks abruptly from beside the edge of a 
hanl <"iSv::arl::e b.;:;k. to the depth of thirty fathoms; and 
have ot^cn a ::r.irv-l their graoofiiK quill-like forms, and 
their di Iio;i:o huos^ th:u nin^ from pink to crimson, and 
from oriui5«?n to purj»Io. And. jutlging from the character 
of those iiray crirK'^naeoous dejHjsits in which the Grap- 
tolites of our Silurian rooks most abound, it is probable 
that thov also wor^ mud-lo\-inor animals, and more resem- 
bled in their habitats, if not in their stnicturc, the sea- 
pens than the Sortnlaria. It is a curious circumstance 
that, in the group at least, the Graptolites of Scotland are 
more obviously allied to the Graptolites of the vast Silu- 
rian deposits of Canada and the United States, than to 
those of the Silurians of England. With this curious 
zoophite we take farewell, in Scotland, of life and organ- 
ization, and the record of the palieontologist closes. The 
remains of no plant or of no animal have been detected in 
this country underlying the rocks in which the oldest 
Graptolites occur. 
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Beneath the Silurian deposits of Scotlanit there rest, 
to an enormous thickness, what, with the elder geologists, 
I shall persist in terming the primary dejjosits^ consisting, 
in the descending order, of clay-slates, mica-schists, quartz- 
rocks, primary limestones, and the two varieties of gneiss, 
— the granitic and the schistose.^ In retaining the old 
name, I must, however, be regarded as merely holding thjit 
these rocks were actually the firaUformed rocks of what 
is now Scotland^ — that the gneiss tca^ gneiss^ and the 
dcUe teas slate^ ere ever our oldest fossiliferous formations 
began to be deposited^ or the organisms which they contain 
had lived or died. Into the question raised regarding the 
form in which they were deposited, or the condition of 
our planet during the period of their deposition, I do not 
at present enter. On the other point, however, — the com- 
parative antiquity of these unfossiliferous rocks in Scot- 
land, — the evidence seems very conclusive ; the base of 
some of the oldest deposits in which we find organisms 
inclosed consists of broken, and in most cases watcr- 
roUed, fragments of the gneisses, quartz-rocks, clay-slates, 
and mica-schists of the primary regions of the country.^ 
These primary regions are of great extent. The gneiss 
region contains nearly ten thousand square miles of sur- 
&ce; the mica-schist, fully three thousand; and the quartz- 
rock and clay-slate united, about fourteen hundred miles 
more. Comprising almost all the Highlands of Scotland, 
with the greater part of two of our Lowland counties, 
Banffiihire and Aberdeen, their entire area, if we add about 
fifteen hundred miles additional of granite and primary 

* Hof^h Miller evidently more thax sitspected the history of the 
aeology of the north and northwest of S<'otland, as developed by Mr. 
Ftoch and Sir Roderick Murchison In 1^38. — \V. S. S. 

< See Muichison's " Siluria/' 2d ediUon, App. 553, 5M, and 55G. 

24 




27S IKTUBES OX GBDLOGT. 

poqfhTTj. 'Iocs Dot fin thart of lizteen thonsaDd square 
miles. It woal<l be a bold and perilous task for one who 
has in some degree appreciated those sublimely impres* 
sive word-paintings of the Highlands which bave added so 
largely to the well-earned celebrity of your distingaished 
President, and which seem invested with the very atmos- 
phere of our hills, or who has seen with admiration and 
delight not only the very features, but all the poetry, 
of our noble mountain scenery, glowing from the canvas 
of MAcculk^ch and of Hill, — it would, I say, be a perilous 
tas^L aD«.l«r the recollection of achievements such as theiis, 
to attempc a dull analysis of the geologic principles oa 
which the peculiarities of our Highland landscape depend. 
I wtiiiM feci as if I wore brin<jin<j vou from the studio 
of s<>me houven-taught sculptor, crowded with shapes of 
manly l>cauly and feminine loveliness, to lecture, amid the 
melaneboly rubbish of a dissecting room, on the articula- 
tions and proportions of the bones, and the form and 
position of the muscles. I shall venture, therefore, on 
merely a few desultory remarks, and shall request you, in 
order to lighten them as much as possible, to accompany 
me, first, in a sort of mesmeric expedition to the western 
extremity of Glencoe ; at which, after having journeye<l 
as only the clairvoyant can journey, let us now deem our- 
selves all safely arrived, and just set out on our way back 
again by the Loch Lomond road. In the course of our 
journey we shall pass, in the ascending order, over all the 
great Primary formations.^ 

' Aroonlin'T to a dia<rram which I have had the honor of receivin;? from 
the hand of Sir Roderick Murchison, illustrating his latest explorations in 
the north, there are two distinct jifneisses, — an older and a younger; the 
first underlyin;: the Canihrian conglomerate and Silurian fossil-bearing 
baud of the west ; the other or younger gneiss forming part of the ccntnl 
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Let US first mark the character of the Glen, — not less 
&nious for the severe and terrible sublimity of its natural 
features, than for that dark incident in its history which 
sasociates in such melanclioly harmony with the terrible 
and the severe. We are in a region of primary porphyry, 
-— in the main a dark-colored rock, though it is one of its 
peculiar traits, that in the course of a few yards it some- 
times changes its hue from dark green to black or a deep 
neutral tint, and from these again to chocolate color, to 
brick red, or to iron gray. But the prevailing hues are 
dingy and sombre; and hence, independently of the brown 
heath and ling, and those deep shadows which always 
ac(M>mpany steep rocks and narrow ravines, a sombre tone 
in the coloring of the landscape. When, however, for a 
few days the atmosphere has been dry and the sky serene, 
the dark rocks seem in many parts as if strewed over with 
an exceedingly slight covering of new-fallen snow, — the 
effect of the weathering of a thin film of the compact feld- 
spar, which forms the basis of the porphyry into a white 
porcelanic earth. It is, however, in the form of the rocks 
that we detect the more striking peculiarities of the por- 
phyritic formation. They betray their igneous origin in 
their semi-columnar structure. Every precipice is scarred 
vertically by the thick-set lines which define the thin irreg- 
ular columns into which the whole is divided ; and as the 
columnar arrangement is favorable to the production of 
tall steep precipices, deep narrow corries, and jagged and 
peaked summits, the precipices on either side arc tall and 
steep, the corries are deep and narrow, and the summits 

nadens, and nnderlying^ the Old Red Sandstone conglomerates and ascend- 
ing fossiliferous series of ttfe east. Of course, the Cambrian will contain 
fragments of the older, and the Old Red conglomerate fhigments of the 
younger gneiss. — L. M. 







— i.i^T **■;«! n. iiit Lik re Siric : th 
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,^^ _^ 3B .r-iiiini ir rwasf ^leirins. The last 
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land, — and forming a basin for a long, flat-shored loch, 
whose brown waters do not reflect a single human dwel- 
ling. Granite, however, does not always present features 
80 little attractive. It is, in truth, a many-charactered 
rock. In general, the feldspar, which enters so largely into 
its composition, contains a considerable per centage of 
potash, and so decomposes readily ; and hence the rounded 
forms of many of our granite hills and boulders. It aflects, 
too, on the large scale, though unstratiiicd, a tabular ar- 
rangement, and sometimes exists, as in this instance, and 
in those dreary parts of the lowlands of Aberdeen where 
the patrimony of the redoubtable Sir Dugald Dalgetty lay, 
as extensive and usually very barren plains. But in other 
parts it has little or no potash in its composition ; and 
forming, in these circumstances, one of the most durable 
of rocks, its peaks and precipices stand up, as in Goatfell 
in Anran, with all the poi*phyntic sharpness of outline, 
nnweathered for ages, or present, as in Ben Macdui and 
its Titanic com])eers, features at once bold, broad, and sub- 
limely impressive. Humboldt, generally so correct in his 
"Views of Nature," seems to have seized on the granite in 
but one of its aspects. " All formations,'* we find him say- 
ing, "are common to every quarter of the globe, and as- 
sume the like forms. Everywhere basalt rises in twin 
mountains and truncated cones ; everywhere trap porphyry 
presents itself to the eye under the form of grotesquely- 
shaped masses of rock ; while granite terminates in gently 
rounded summits." 

We pursue our journey, and enter on a great gneiss dis- 
trict. And in its swelling hills, rolled, like pieces of plain 
drapery, into but a few folds, and in its long withdrawing 
valleys, more imposing from an element of simple extent 
than from aught peculiarly striking in their contour, w^^ 

24« ^1 
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rrco^iw the staple soenery of the Scotrli HighlaiKli,— 
tlni fcrnerr of ten thua:Kind M]aaiv milea. A gneus hill 
ia usually massive, roanilcil, broad of bewe, sod withal somt* 
irhat M]ui)t, as if it vere s nianntain well tiegun, bat is^ 
tenlteUHl somobow in the building, rather than a finished 
mountiun. It seems almost ain-ays to laek the upper stonM 
ind llio pinn.iclcs. It is, if I may so express mj-selC »lull 
of ono heave; whereas all our more imposing S<.-ottidi iiill% 
— Buoh as Ben Nevi§ and Ben Lomond, — are hills rf 4 
lt>ast lwi> heaves; and henec, in joumt^ving through ■ 
gucLw dtstrii't, ihei-e is a frequent feeling on the part of 
tbv tritveller Uiat the scenery is incomplete, but that afev 
hills, jttdiwusly set down upon the tops of the other hills, 
woidd give it the proper finish. Ko hill, howevor, accora> 
plisbM more with a single heave than a gneiss one; the 
broiKl-bHiiei) Ben Wyvis, that raises its head, white with 
other W10W8 than those of age, more ihun three thousud 
fcvt over the sea, and looks down on all the other moiw 
tains of Ross-shire, is a chnraeterislic gneiss hill of a single 
hpuv.'. Qiiittiii;- the gneiss region, we cross a coiniar* 
ti»-cly narrow strip of quartz rock. The quartz hilla In itt 
course arc, liowever, not very characteristic Such <^ yoK 
as may have sailed over the upper reaches of Loch Man^ 
with ita precipitous, weather-bleached pyramidal hill^ a» 
bare of vegetation atop that their peaks may be Boea; 
gleaming white in the autumnal moonlight for miles, as i£ 
covered with snow, or who may have threaded your waf 
through the deep and sterile valleys that open their loi^ 
vistas towards the head of the lake, will be better able U$ 
conceive, than from aught witnessed in the coarse of onr 
present day's journey, of the savage wildnesB of acenery-w, 
savage and wild, but graud withal — which ia the pnuMr 
charaoteristio of a quarts-rock district. 



LECTURES ON GEOLOGY. 283 

And now, the strip of quartz rock passed over, we enter 
into an extensive region of mica-schist, — a formation so 
£ivorable to the development of a picturesque beauty, -^ 
ever and anon rising into the sublime, — that what is pecu« 
lisriy. the classic ground of Highland scenery is to be found 
within its precincts. Loch Awe, Loch Long, Loch Goil, 
Loch Tay, by much the larger and finer part of Loch Lo- 
mond, all Loch Katrine, Ben Venue, Ben Ledi, Ben Lo- 
mond, and the Trossachs, with many a fine lake and 
stream besides, and many a noble hill, are included in this 
rich province of the mica-schist. 

We first become aware that we are nearing the forma- 
tion by the peculiar contour of its hills, as seen at a dis- 
tance of several miles. As we approach their gray rocks 
of silky lustre, we find that they are curved, wrinkled, 
contorted, so as to remind us of pieces of ill-laid-by satin, 
that bear on their crushed sui*faces the creases and crump- 
lings of a thousand careless foldings; and mark farther, 
that it is to these curves and contortions of the strata 
that the tubercled outlines of the hills are owing, and, 
with these, the bold projecting knobs and sudden recesses 
which break up their surfaces into so many picturesque 
wildernesses of light and shade. Not unfrequently, how- 
ever, vast masses of schist, of a structure as dense and 
Bolid as that of granite, occur in the micaceous districts ; 
and these form hills of a simpler outline, which, like the 
rock which composes them, seem intermediate in character 
between the mica-schist and the gneiss hills. All the 
mica-schists, however, decompose into soils, which, though 
light and tliin, are more favorable to the production of the 
grasses and the common dicotyledonous shrubs and trees 
of the Highlands, than any of the gneisses or granites, and 
greatly more so than the porphyries or quartz-rocks ; and 
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iti 'M iUL-at.-««jiis r^zt^.H^ are not only more ptctaresqjoe ii 
-mcane uiiin .uiy .jc ch« others, bat also hcher in ibiuge 
dttd Mcttfr in vAJLor. A tangled profusion of Tegeiitial 
^KQU i^'iic^ 3» ourkiiti a feature in the lining and fareatk* 
in^ d«9cripCLoa ot" the *" Lady of the Lake,* ns the mnil 
pioture«i|u«ae» of th«* crags and precipices whkh tin 
vegetation half conceals ; and this, be it remembered, ii 
not an onlinary characteristic of the Scottish Highland^ 
though true to nature in the mica-schist region selected 
by Scott as the scene of his story. After employii^ is 
describing the rocks near Loch Katrine, well nigh half tht 
vocabulary of the architect, — spires, pyramids and piniuh 
dcs, — towers, turrets domes, and battlements, — capola% 
miuarcts, pngoilas, and inos(|ucs, — he goes on to say, 



<i 



Nor wore iho>e earth -bom castles bare, 
Nor lacki.tl thev manv a banner fair; 
For fVom their shivered brows dii^playedy 
Far o'er the unfathomable f^lade, 
All twinklinjx with the dewdrop's sheen, 
The brier-rose fell in streamers preen. 
And creepin*; shmbs of thousand dyes 
Waved in the west wood's summer sighs. 
IWx^n nature sc:ittered free and wild 
F^.'h plant or Howor, the mountoiu's child. 
Hire eglantine embalnie<l the air, 
lU«:hv>m and hazle mingled there, 
T-o pr:mn.y*e pale and violet flower 
yo;;r.d in each eliff a narrow bower; 
Fo\c1ove and ni^tshade, side by side, 
F.n'.Mems of puni>hment and pride, 
(iTx^ufv^i their dark hues with every stain 
The weathor-N-aren oraps retain. 
With N>uch# that quaked ^ith every breath; 
Cray birch and aspen w^ept beneath; 
Aloft the a>h and i*-arrior oak 
C4tft anchor in the rifted rock; 
And hiirhcr yet the pine-irw hong 
Hif •hftttercd tnmk, and ftrqoent flang, 
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Where seemed the clijflTs to meet on hif^h, 
Uitt boughs athwart the narrow sky." 

Here is there a description of the characteristic vegetation 
of our richer mica-schist valleys, not more remarkable lor 
its poetic luxuriance than for its strict truth, — truth so 
strict and literal, that I question whether even the hyper- 
critic, who looked for but a typical catalogue, could enu- 
noerate more than two forms of vegetation, prevalent in 
such districts, which it does not include. The ferns grow 
at once singularly rank and delicate in the shade, amid 
the bosky recesses of the mica-schist; and every damper 
recess of the rock we find thickly tapestried over by the 
mosses and the liverworts. 

Passing southwards along the dark surface of Loch 
Lomond, skilled for rather more than two-thirds of its 
length by these hills of mica-schist, which confer on its 
upper reaches a character of mingled picturesqueness and 
sublimity, we enter, nearly opposite the pastoral village of 
Luss, on a band of clay-slate, — the last or most modeni 
of the primary foinuations. It is of no great breadth, — 
some three or four miles at most ; but it runs diagonally 
across the entire kingdom, from the western shores of 
Bute, where it disappears under the outer waters of the 
Frith of Clyde, to near Stonehaven, where we lose it in 
the German Ocean. We find it associated with a softer 
style of scenery than the mica-schist. Lacking the mul- 
titudinous contortions, and consequent knobs and pro- 
tuberances, of the schist, it is less picturesque, though 
scarce less beautiful ; nor is its beauty devoid of an en- 
nobling mixture of the sublime. The gracefully-contoured 
hills that rise immediately behind Luss, with their recluse 
withdrawing valley, — the green rolling meadow on which 
the village is built, — and in front the bolder and finer ^^ 
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whikiM 

«f Lock IjamMi^m 

; ami vhtt BjiMl 

oifht jn^ 

iZif loyiaAt*^ to tlie u^ gnen laM% 

ja»£ "T :i>i» v^bci» nhcdliBeaLr eiiges stiH idl 

^ff-aie limner* 5». — r^ear *T>ir-:« to the fiicU The 

^imL l>:'ve'v^£r. » iLifi cc B>>-^tn^n an-l of Smollett. Botk 

v€R^ VrL en Thtt xyA Rm Sja-i^tooe here; and the latter, 

9. lot ^m^tsIr-Qiw^ oewriicoa isf the Like« in ''Hamphrey 

Cmitr.* — ibe joi-^rs k€ % usae when descriptions of 

Sx-c^^si. fiwo^trr went je» cv^cnmon than ther are now,— 

juitriM Ex Tht i:r*:s^:izi^L in a sivie nnmistakable firom 

t Mcr rrsii^ il-e )»i^?«s of this Lowland fonnation, whidi, 

rz lj» jce« was ^nforci^hed with a name. *^I have seen,* 

1* «j^ ""the Li^.^ •!£ Ganla, Albano. De Tlco, BoLsinSi 

aad Geaerx an*!. ar->a mj honor, prvler Loch Lomond to 

them alL — a preference which is certainlr owing to the 

verdant islands that seem to float npon its surfice, affoid> 

ing the most enchanting oljects of repose to the excarnvo 

view. Xor are the hanks destitute of beanties whidi 

even partake of the sablime. On this side they display a 

variety of woodland, com-fieKls» and pasture, with Beveial 

agreeable villas emeigin^^ as it were, out of the lake, till, 
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at some distance, the prospect terminates in huge moun- 
tains covered with heath. Everything here is romantic 
beyond imagination : the country is justly termed the 
Arcadia of Scotland.'' In the corn-fields here, the wood- 
lands, and the pastures, we recognize the Lowland features 
of the Old Red placed prominently in the foreground; 
and in the huge mountains in the distance, the bolder 
Highlafid features of the clay-slate and the mica-schist* 
In still journeying southwards, we skirt the banks of the 
Leven, — the stream which connects the waters of the 
lake with those of the Clyde, and which, for the greater 
part of its course, runs over an Old Red Sandstone of the 
same age as that of Balruddcry, Camiylie, and Turin, and 
which presents as its characteristic organism, the Cepha- 
hspis. And nowhere in Scotland, as is well shown in 
Smollett's classical Ode, is there a more thoroughly Low- 
land river. 

" Pure stream, in whose transparent wave 
My youthftil limbs I wont to lave; 
No torrents stain tliy limpid source, 
No rocks impede thy dimpling course, 
That sweetly warbles o'er its lied. 
With white, round, polished pebbles spread. 
Dcvolvin]^ fVom thy parent lake, 
A charroinj; maze thy waters make, 
By bowers of bireh and proves of pine. 
And hedges flowered with eglantine.'* 

Ere, however, closing our journey of a day, which intro- 
duces us to so interesting an epitome of the scenery of 
,the primary rocks and the Scottiah Highlands, we are 
startled in the midst of the low country by scenery which 
seems to be that of the Highlands repeated, but on a 
smaller scale, and, if I may so express myself, in a more 
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rocka, which, like the slralified deposits of thia part of ths 
kingdom, — day-slnte and Old Red Sandstone, — raaa 
from sea to sen, and nhich, inchiding in its range Um 
Canipsie and tlie Ochil hills, is here represented hy the 
picturesque douhle-peakcd rock which bears the sDcieM 
fottulice of Dumbarton, — the oaetle which, according to 
Jeanic Deans"* friend, Mr. Archibald, waa always given in 
keeping to the best man in Scotland, — at one time to 
Sir William Wallace, at another to the Duke of Argyle. 

The depth of the primary stratified rixrks, which in 
Scotland must be very great, has been variously estimated 
by geologists, as low as five and as high as ten miles, — 
evidence enough, did we rci{uire any such, that there mnst 
be some degree of obscurity in the data on which the 
calculations regarding it have been founded. It is always 
extremely difficult to estimate the thickness of even & 
clay-slato or quartz-rock deposit in a mountainous conn- 
try, where the centres of disturbance are numcrons and 
involved; and in gneiss and mica-schist — always greatljr 
contorted deposits — the difficulty is so enhanced, that 
what begins as calculation usually ends as guess. Bat 
we at least know that it can be no thin scries of defKMitdi 
however much their strata may be contorted, or howev» 
often repeated, that covers, in highly inclined positioDS, 
tracts of country so extended as even those which we &i4 
covered by them in the Scotch Higlilands. In crossing 
the four primary stratified deposits — clay-slate, mic»- 
schist, quartz-rock, and gneiss, — at right angles with tho 
line in which they traverse the country in the southern 
division of the Ilighlands, we find them occupying, 88 
from near Crieff to Fort^Augustus, a tract rather more 
than sixty miles across ; and in crossing at the same angla 
the northern division of the Highlands, — as from Glen 
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Urqahart to the middle reaches of Loch Carron, — we 
find a tract of nearly forty miles occapied by the gneiss 
alone. The question is one on which I wonld not choose 
to dc^matize ; but an estimate that gave to our Scottish 
primary rocks an aggregate thickness of from six to eight 
miles I wonld not regard as by any means too high. A 
more vexed question, however^ and a still more doubtful 
onci respects their formation. In what form, and under 
what circnmstances, it has been often a^ked, and very 
▼arionsly answered, were these stratified primaiy rocks 
deposited? 

They exhibit with almost equal prominence two distinct 
cUsses <^ phenomena, — an igneous class and an aqueous 
class; and are as intimately associated with the Pleistocene 
rooks by the one, as with the sedimentary rocks by the 
other, i have seen in the same quarry of quartz-rock, 
ooe set of strata as decidedly chemical in their texture as 
porphyry or hjrpersthene, and another intermingling set 
as decidedly mechanical as grauwacke or conglomerate. 
I have seen, too, in the same gneiss rock, the minute 
plates of mica, so abundant in this formation, arranged 
between the layers as decidedly on the sedimentary prin- 
ciple as in a micaceous sandstone, and in the layers them- 
selves as decidedly on the crystalline principle as in 
granite. And this compound character of the gneiss may 
be regarded as the general one, with, of course, certain 
exceptions in all the primary stratified rocks : the condi- 
tion of their stratification is mechanical and sedimentary, 
bat the condition of the strata themselves igneous and 
chemicaL How were these variously-blended characters 
first induced ? The geologists of one school tell us that 
the primary formations originally existed as ordinary sedi- 
mentary rocks, but that they have since been altered by 
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the aetion of intaas het^ mi dhui^ vUs As itiifllBi 

turn remains aa an ei^dcoee «f thdr iiat coadhiion, tk 
taztnre of the atraU indicatea tlia jg neow a change wUck 
bas patted over them ; wlule the geologialB ct mmAm 
adiool hold that their firrt depoaitioD took place aadv 
cirottmatanoes eaaentially imlike anj iriudi now eziit»enit 
leaat the surfiuse of our planet, and that their nunenkgU 
conditions were, in conseqnencey orig^mallj different torn 
those of any ^pomtion taking place at the present tia^ 
or in any of Uie later geological ages. I am incEaed Is 
hoU that there is a wide segment of tmth embodied Ji 
%h» Tiews of the metamorphists ; but there seems to In 
m segment of truth on the other side; and so Imml 
bold with their antagonists, that there existed 
Vm^ |mk^ in the history of the earth in which then 
^fimor. «N«alitk>QS of things entirely different from any 
%-lni^ w&CMi w^ v« -^ i^riods during which life, rither 
entTiML ^ >x^s^Mt^ could not have existed on our planet; 
««^ Jbrs^Kf; that the sedimentary rocks of this early sgs 
«i!^ k*Tif derived, even in the forming, a constitution and 
nr&iwv which, in present circumstances, sedimentary rodoi 
«eattot receive. 

The scientific world is subject, like the worlds of polities 
attd tr;fedev to its periods of action and reaction. Those 
wb^ bokl that the earth was once a molten mass through* 
^Mt^^nay* that at a certain, not very profound, depth its 
matt^ may be still in an incandescent state, — may have 
porKa)« driven their theory too far; and the current al 
iMT^^Hii seems to have set in against them. Mr. Hopkins's 
MvlKmnd dotluctions on the phenomena of Precession and 
Xutjais>n have boon held to establish that the crust of the 
iiarih i» at piveont a solid unyielding mass to the depth of 
^ bMSft « Ibonsand miles from the surface. ^ Nay, them 
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is nothing in this inquiry,'* says Professor Nlchol, in refer- 
ring, in his late admirable work, " The Planetary System,'* 
to the problem of Mr. Hopkins, — "there is nothing in 
this inquiry rendering it impossible that the globe is solid 
throughout; and assuredly, a distinct negative is given 
to a whole class of prevalent geological conceptions, on 
grounds vastly more solid than any which appear to sus- 
tain them." And I find Sir Charles Lyell, in the latest 
edition of his " Principles," — that of last year, — suggest- 
ing the existence of a circle of superficial action on the 
earth's crust, quite sufficient to account for an intermittent 
igneous activity altogether independent of central heat, 
and which might go on by fits and starts forever, and be 
«8 powerful a million of years hence as in those incal- 
enlably ancient times when our Scottish gneiss was in the 
forming. Accepting the theory of Sir Humphrey Davy, 
of an unoxidized metallic nucleus of the globe, capable of 
being oxidized all around its porphyry by the percolation 
of water, and of evolving heat enough in the process to 
melt the surrounding rocks, he thus provides plutonic, 
metamoiphic, volcanic agencies; and whereas Sir Hum- 
phrey Davy held, that when a thick crust of oxide had 
once formed in this way, it served to shut out the water, 
and the chemical action became in consequence more and 
more languid, till it altogether ceased. Sir Charles finds, 
in another but harmonizing theory, an expedient for reln- 
▼igorating the slumbering plutonic forces, and thus, after 
a period of repose, renewing their activity. The oxygen 
of the water is, of course, the oxidizing agent ; but water 
also contains hydrogen, and hydrogen is a deoxidizing 
agent. "When the oxidizing process was going on," 
fBays Sir Charles, "much hydrogen would of necessity 
be evolved : it would permeate the crust of the earth, and 




•Tcr H h ap p e aed to vmm m omtMft ymaSk Hm ■— *«ikt 
ozidet 9% m kig^ tenpenton^ tiM redaelioB cf dme osidM 
voold be the Dceemiy raralL.* And we lisve thus 
«rele of fi>roei|— -oxidiflitkNi of Hm melaffie lion I0 
trolvo tho platonic agendesy and deSaddintioo of tb 
oaddoi to prodooe the metallic liaab ^ain. The piooai 
would aomewhat reaemble that on which the moraoMt 
of the al tam e i ^ine dependsi and in which water is fill 
anwidtd into iteam, and then the tteam in torn eofr 
Amad into water, and thoa the action of the engiBi 

I need not here say how thoronghly I respect tb 
«al adaure the genius of Sir Charles Ljell,-- 
^•M ^*^M g e ^o fc tiit of geologists, and a man of whom Sco^ 
auM. :tM« «%ril ^D pcvHid ; nor need I say bow raach of 
'««iM»ara iii%i iatfcnicciim I owe to the rich and eloqaeni 
"^fKii^^K it' {fHiiift»or NlehoL Bat, like Job's yoanger 
fHMMi I "Mist -titwc tnktf the hbert J of showing forth my 
.rpuuML mnl if: '^"^vjtf «ixpr«ssion to a conviction, on 
gtv«»if of wiiud "nw :iuifiimtf« most jadge, that both Sir 
Chitfies and t^ SS/ortMiir biiw« nilfexed the reaction wave 
»> carnr them TA^ tnc 

Mr Charges IHjnnn. » s piiifobr digest of Mr. Hop* 
ks)M^*':» iie^iactSxKtiv wUck fen appeared, if I remember 
«E-Ms^ VK 1^!^ ^SooCMajya'*' arw yjyei^ and then in '^Jame- 
4iw> I'^idjcr^-du J^MKsaL'*' ndmed,. with his character* 
3«c»^ ;«ttN>*<i^ "«'' the nan«wn«» iW the b«e on which they 
«^««^ « Xr. Ilv-«4iK> CK'oelMML no donbt, rests," he 
^liBJ^ *^,m: a 9derv>w e»w:h basuL It is somewhat like aa 
HHlHiMtc v< i)»^ >£ijaaBK« wf the ftars deduced from a difbiv 
^ij^ ^" ,/«t cc iw'^ Micv^Mb in their apparent position,-^ 
a JMkMMt ii»M^ dtttii^Qtihable from erron of obsei^ 
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▼ation." Let lu, however^ waive the doYibt impfied in this 
remark, however important we may deem it, and grant, 
for the argument's sake, that the base is sufficiently broad 
for the saperstructure erected upon it Let us freely grant, 
ifker first availing ourselves of Mr. McLaren's protest, and 
placing it on record, that that equatorial ring, thirteen 
miles in thickness, which, by disturbing the balance of the 
earth, is the cause of the phenomena of Precession and 
Natation, must be attached to a consolidated crust of at 
least a thousand miles in thickness, in order to account for 
the extreme slowness of the peculiar movement which it 
induces. But let us then inquire how it happens that this 
equatorial ring at all exists. If our earth was always the 
ttift, rigid, unyielding mass that it is now, — a huge metal- 
Ho ball, bearing, like the rusty ball of a cannon, its crust of 
oxide, — how comes it that its form so entirely belies its 
history ? Its form tells that it also, like the cannon ball. 
Was once in a viscid state, and that its diurnal motion on 
its axis, when in this state of viscidity, c* ^^gated it, through 
the operation of a well-known law, at the equator, and 
flattened it at the poles, and made it altogether the oblate 
spheroid which all experience demonstrates it to be. It 
may be urged, however, that this form of our planet, which 
seems to speak so unequivocally of law, may, after all, be 
but accident. If so, it must be singular. What say the 
other planets ? Of these, the form of three may be at least 
approximately, and that of one exactly, ascertained. Ye- 
nns, Mars, Saturn, are all, like our earth, oblate spheroids, 
flattened at their poles, and elongated at their equators. 
Their substance must have been spun out by their rotatory 
motion in exactly the line in which, as in the earth, that 
motion is greatest. But while we can only approximately 
detemune the values of the equatorial and polar diameters 
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-psaut^ 31 4IK sreat ptenet, Jnpiter, we ean 
Karx je9» exiedr than in our own earth ; 
-sa riixi^ mii ibeanzc and fix the proportioui 
«««. fvuiCtitsii rnss Heirs lo ha general maaa. With 
A iL.3ii:^if iij«>ai: ^•t'T'ia liszitf lanzer than that of oar 
i»;;2it:-« uii. -^iXiiTTTz .a !:» ijb» in less than half the tim^ 
-uv ci •!• a iL lie imtikc« il i^ <«^vASor ma>t be more than 
"^v^^Uk^ iin«:*> £Tiur^r "uao. ifus «^ the earth's equatorial 
T^^r-^ft.'^^ :iitL lis^ i-iiUii&.-rai. r^z^ OQ^L even in proportion 
u i4> iiu?: loik. V "h: TL*:n iLm tventv times as massire. 
jcx«h v-xuc > zx^ iacc ' '^i*iZ< li-e thickness of the eqoato- 
"r:u -lie it zx^ i'jra Jl^ :al^ ^^'s^ to about one three-hun- 
4r>r^.:a rtfr iC "iivi cwJi i r-.Lrrw'ter, the equatorial ring of 
. i;'4.v,- s- .-itui*. ~j lOtti* ■LIT :c« f::irteenth or fifteenth 
•-U . **T >":-.ui»i -:.:■■• I: is. i* :i^ icrr^tr of the law 
*v ■!;i^ :n. t:» i^ a.ia ~Fr[:-j :.3:-:> ^rtJkic-r in proportion to 
:.> r .a^ .:^i i:.; t i*-:i * i-;i.L::-iil ring, and absolutely 
11 ;> :.i.i * : :^'..i5si:i'£ ::^r:< ^r>:^ter. Here, then, is 
it:-.' c>i:*^..:« i3 "^ '..:*i .."zuiTc *" i^rloitv of the earth is a 
,''.\2s^*i ;t-iu«r I -i*i i^ri\ l.irzC rji ^:oa on its axis; nor 
> '%>^ ^c !.i" T .••-•L.'i i^-z T\:v>rivei ihis form when in 
1 -< .. i! -*:i.;. A ^.a^«!^ ^^i- — fci-e lo r^ToIve ou a Spindle, 
'%»k! ;i a ^s:^- .c " sv- •:•:,: T, ■cl;::^i:e« equatoriallj, and 
i.s»..v:':> -- ■* .1 ii^s.. *:,:■;, _:* ilV^-^i to cvx^l in its original 
%:*-*n u> i < iiu-*:. : tscj^t* ::< r^rrfkci sphericity without 
-■*''»- '>^- V.C jii ■% :.-. .: 1;* n^cily is we mar: and no me- 
cii.1.- c ,^ -•• •- i;-:> :r i-.:r>:i*ir- :he -iisk of a crrindstone 
**«.:.»> >• :i-: \: : -. -ir : The eArth, then, when it 
iB^t/iv>: rs yr\>< •: •; — , v:! n.^t hnve been a solidified 
».ts^ ;i^ ::^^ ^.:_t^ siCsrrv wbea cooled down, or like the 

B^; » i: rvv: uv>ss-b:^^ i; mar be asked, that the dinmal 
5»o;:oa m^y so ac; oa the de|K>$inon$ taking place in the 
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flea, and forming sedimentaty rock, or on a region of igne« 
ous action interposed between the oxidized crust of the 
earth and its solid metallic nucleus, and forming plutonic 
or igneous rock — is it not possible that, in the course of 
▼astly-eztended periods, the earth may have taken its form 
imder the influence of the motion exerted on sedimentary 
deposition and plutonic intrusion and upheaval? Nay, 
what, we ask in reply, are the facts ? Does the diurnal 
motion exercise any influence, even the slightest, on depo- 
sition or plutonic intrusion ? The laws of deposition are 
&Wj simple, and well known. The denuding and trans* 
porting agencies are floods, tides, waves, icebergs. The 
■ea has its currents, the land its rivers ; but while some of 
these flow from the poles towards the equator, others flow 
from the equator towards the poles, uninfluenced by the 
rotatory motion ; and the vast depth and extent of the 
equatorial seas, show that the ratio of deposition is not 
greater in then^ than in the seas of the temperate regions. 
We have, indeed, in the arctic and antarctic currents, and 
the icebergs which they bear, agents of denudation and 
transport permanent in the present state of things, which 
bring detrital matter from the higher towards the lower 
latitudes ; but they stop far short of the tropics ; they have 
no connection with the rotatory motion ; and their influ- 
ence on the form of the earth must be infinitely slight ; 
nay, even were the case otherwise, instead of tending to 
the formation of an equatorial ring, they would lead to the 
production of two rings widely distinct from the equator. 
And, judging from what appears, we must hold that the 
laws of plutonic intrusion or upheaval, though more ob- 
scure than those of deposition, operate quite as independ- 
ently of the earth's rotatory motion. Were the case other- 
wise, the mountain systems of the world, and all the great 
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conditions, each different from all the others^^d from the 
conditions of the present time. It involves the existence 
of a period in the history of oar planet when life, animal or 
v^etable, was not, and of a succeeding period, when life 
began to be. It involves, too, the ripening of the earth, 
from ages in which its surface was a thin, earthquake-sha- 
ken crust, subject to continual sinkings, and to fiery out- 
bursts of the plutonic matter, to ages in which it is the 
very nature of its noblest inhabitant to calculate on its 
stability as the surest and most certain of all things. It 
involves, in short, those successive conditions of life in the 
geologic ages, which, in connection with what is now Scot- 
land, I have, I am afraid, all too inadequately attempted to 
set before you in my present course. In fine, the primary 
rocks, when they underlie to a great thickness, as in our 
own country, the PalaBOzoic deposits, I regard as the de- 
posits of a period in which the earth's crust had sufficiently 
cooled down to permit the existence of a sea, with the 
necessary denuding agencies, — waves and currents, — 
land, in consequence, of deposition also ; but in which the 
internal heat acted so near the surface, that whatever was 
deposited came, as a matter of course, to be metamorphosed 
into semi-plutonic forms, that retained only the stratifica- 
tion. I dare not speak of the scenery of the period. We 
may imagine, however, a dark atmosphere of steam and 
vapor, which for age after age conceals the face of the sun, 
and through which the light of moon or star never pene- 
trates ; oceans of thermal water, heated in a thousand cen- 
tres to the boiling point; low, half-molten islands, dim 
through the fog, and scarce more fixed than the waves 
themselves, that heave and tremble under the impulsions 
of the igneous agencies ; roaring geysers, that ever and 
anon throw up their intermittent jets of boiling floidi T 




UtCmtKS Oir OBDUMT. 

ty^ MM thielc Ktemii, from these treoiHloos ttmdi; am!, m 
**• '*"n ouukiru of the sct-ne, the ml glewn «rf fi«, *hnt 

^JTth from yawning cracks and deep ch3S^l^aI)d thai bean 
»)tfft fragioenta of molH-'ii rock and clonda of ashes. Bui 
fbould wc continue to linger amid a scene so fealortlea 
4nd Willi, or venture adown some yawning ofiening iirtii 
Oio aby»« beneath, where all is fiery and yet dark,— a f^ 
tary hell, without sufferiqg or sin, — we would do well lo 
commit ourselves to the guidance of a living poet of true 
fteulty, — Thomas Aird, — and see with bU eyes, »4 
d«aenb« in his verse: 

" Tha avfiit -nlU of fhadovi round raii^t diuky monntalns ewm, 
Uul scnr bolj ligbl liuh toached an oatlinc with ils j^k'Mm ; 
Th bat the oye'ii Iwildercd sense tbu fain wonU rest on furm, 
And make nlghl'e IbirA blind prescnn lo rrcKtcd sh.ipcs (■onform. 
Xo alone la niov<>d on mounuin ben by cnepinic crmUure a^iaei. 
No lonely harper comes to harp opon thii fier}- roastj 
Hem all Is solemn Idlcneaa; no ronsic here, no jam, 
When illenre ^^nrds the cout ere thrill her everlaatlng ban; 
No aun hero shines on wanton Isles; bat o'er the bnniiag sheet 
A Tim of rectleia balo shakes, which marlcB ibe intemal heat; 
As In the days of beauteoos eanh ire see, with danled sight. 
The red and setting sun o'erdow with ring* of welling llghL" 



tiuia. - aotiM llw* iftvr this tlitenwnt wu n»dc, Hr. UUer dnoled bhaldt 

(w a ftillKi liivMi%atli>D of lb> brkk4lax bads In tbe Delghborhood of Forto- 

t»llvi Ufl iJ^wuvMod H»r*l apniM of (hell* la nia, «p«iallr gnat abvndaDM 

Hi AvvMialaiia ^f—ua nrlikli ha !■» d«*orlbcd In a paper on tbe briok-eliri, to 

I ^ wtUUMl bananu. Thvy n>rn avetylnurettiDK portlan of his lli«e*B. 

I u^taU|ft1{>lK«Mi» wf tUliiburfh. "Bflt for bim," aald an aoBompHsha* 

^^^■■^M^M «ttb UM ou Uw suhlHt, " «■ would have known nothfe^ 



I 



DESCRIPTIVE SKETCHES 



FROM 



A GEOLOGIST'S POTITFOLIO. 




DESCRIPTIYE SKETCHES 



FBOM ▲ 



GEOLOGIST'S POKTFOLIO. 



GANOID SCALES AND BATS. 



The scales of the ganoid order consist of three plates, 
•—an inner, an outer, and an intervening one. The outer 
is composed mainly of enamel, and retains, when entire, 
however long exposed, much of the original dinginess of 
hue which it bore in the quarry. The inner is a plane of 
porcelanic-looking bone. The intermediate plate is finely 
oomjk>sed of concentric lines, crossed from the centre to 
the circumference by finely radiating ones ; and when, as 
mostly happens, this middle plate is exposed, the appear- 
ance of a mass of scales through the glass is of great 
beauty. The rays of our soft-finned fish, (Malacopterygii), 
JBUch as the haddock, seem as if cut through at minute dis- 
tances, and then reunited, though less firmly than where 
the bone is entire, with the design, it would seem, of giv- 
ing to the organs of motion which they compose, the nec- 
essary flexibility, somewhat on the principle that a carpen- 
ter CQts half-through with his saw the piece of moulding 
which he intends bending along some rounded comer, or 

forcing into some concave. But in the ancient ganoid 
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had been spending a night at the herring-fishing, on one 
of the most femoas fishing-banks of the east coast of Scot- 
land, — the bank of Guilliara. It is a long, flat ridge of 
rock that rises to within ten or twelve fathoms of the sur- 
&oe. On its southern edge there is a submarine valley 
that sinks to at least twice that depth ; and in the coarse 
of the night oar boat drifted from off the rocky ridge, the 
haunt of the herrings, to the deepest part of the valley, 
where scarce a herring is ever found. Our nets had, how- 
ever, brought fish with them from the fishing-ground, suf- 
ficient in quantity to sink them to the bottom of the hol- 
low; and in raising them up, — a work of some little 
exertion, — we found them bedaubed with patches of a 
stinking, adhesive mud, that, where partially washed on 
the surface, seemed literally bristling over with minute 
fish-bones. The muddy bottom of the valley may be 
r^arded as a sort of submarine burial-ground, — an ex- 
tensive bone-bed in the forming. ** What," we asked an 
intelligent old fisherman, ^brings the fish here to die? 
Have you observed bones here before ?** " I have observed 
them often," he said: ^we catch few herrings here; but 
in winter and spring, when the cold draws the fish from 
off the shallows into deep water, we catch a great many 
haddock and cod in it, and bring up on our lines large 
Inmps of the foul bottom. In spring, when most of the 
small fish are sickly and out of season, and too weak to lie 
near the shore, where the water is rough and cold, they 
take shelter in the deep here, in shoals ; and thousands of 
them, as the bones testify, die in the mud, not because 
they come to die in it, but just because their sickly season 
is also their dying season." And such seemed to be the 
true secret of the accumulation. The fish resorted to this 
place of shelter, not in order that they might die, but that 
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ther might live ; just as people go to poor-hoiues and 
lioffMtals with a aimilmr intention, and jet die in tbeiii,il 
ti^lefl^ notwithstanding. And henee, I donbt not| in most 
in«tanoe8 thoee aocumulations of fi8h4>one8 which met 
aocnietomed to the use of the trawl-net find in detadied 
fpots of bottom, when in other parts, not less frequented 
by fish in the milder seasons, not a angle bone is to be 
found, and which have been described as dying places. 
The dving places, — the deep borial-grounds of the set*! 
finnv inhabitants, — will be found, almost always, to prove 
their places of shelter. And hence, it is probable, minf 
of the bone-beds of the geologist. 

DUTEKrS MACEOLETIDOTTS ABUXDAITT IN THE BANKISKIBK 

OLD RED OF CArrUNESS. 

Lot the reader imagine a fish delicately carved in ivory, 
and then crusted with a smooth shining enamel, not less 
hard than that which covers the human teeth, but thickly 
dotted with minute puncturings, as if stippled all over 
with the point of a fine needle; — let him imagine the 
enamelled rays h'ing so thickly in the fins, that no con- 
necting membrane appears, and that each individual ray 
consists of numerous pseudo-joints, so rounded at their 
terminations, that each joint seems a small oblong scale, 
or each ray, rather, a string of oval beads; — in due har- 
mony with the rounded joints, let him imagine the scales 
of a circular form, and so regularly laid on, that the ruler 
ranges along them in three different ways, — from head to 
t.iil, parallel to the deeply-marked lateral line, and in slant 
angles across the body ; — immediately under the gill- 
iH>vors, which consist, as in the sturgeon, of but a single 
pinto a-pitHH\ lot him imagine two strong pectoral fins of 
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an angalar form, with an interior angle in each covered 
with small scales, and the rays, as in the case of the tail, 
fimning bat a fiinge around it ; — let him imagine the ven- 
trml fins, which lie far adown the body) of an exactly simi- 
lar pattern, — angular projections covered with scales in 
the centre, and fringed on two of their edges with rays ; 
-—exactly opposite to these, let there occur an anterior 
dorsal fin of comparatively small size, and then exactly 
opposite to the anal fin a posterior dorsal of at least twice 
the size of the other ; — let the anal fin be also large and 
sweeping, extending for a considerable way under the tail, 
which must like the taUs of all the more ancient fish, be 
formed mainly on the under side, the vertebral column 
mnning on to its termination; — and the fish so formed 
will be a fiiir representation of the ancient Dipterus. Pre- 
senting externally in its original state no fragment of 
skin or membrane, and with even its most flexible organs 
sheathed in enamelled bone, it must have very much re- 
sembled a fish carved in ivory. What chiefly struck me 
in the examination was the peculiar structure of the ven- 
tral fins, — the hind paws of the creature, if I may so 
speak. Their internal angle of scales imparts to them an 
appearance of very considerable strength, — such an ap- 
pearance as that presented by the hind fins of the Ichthy- 
osaurus, which, as shown by a lately-discovered specimen, 
were frimishcd on the outer edges with a fringe of cartila- 
pnous rays ; and I deemed it interesting thus to mark the 
true fish approximating in structure, ere the reptilia yet 
existed, to the reptile type. The young frog, when in its 
transition state, gets its legs fully developed, and yet for 
some little time thereafter retains its tail. The Dipterus 
seems to have been a fish formed on this sort of transition 

plan. 
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side by side, and the medullary rays stretching at right 
angles across; but my glass lacked power to show the 
giaodular dots. When viewed transversely the regularly 
reticolated texture of the coniferaB was very apparent. A 
bluish-gray limestone adhered to some of the specimens, 
and bore evidence in the same track. It abounded in 
cones and fragments of cones, in what seemed minute 
needle-shaped leaves, and in thin detached pieces of bark, 
like those which fall off in scales from the rind of so 
many of the conifene. The limestone bore also its fre- 
quent fragments of fern. There seemed nothing lacking 
to restore the picture. There rose before me a solemn 
forest of pines, deep, shaggy, and sombre; its opening 
8l<^>es and withdrawing vistas were cheered by the lighter 
green of the bracken ; and far beyond, where the coast 
terminated, and the feathery tree-tops were relieved against 
the dark blue of the sea, a long line of surf tumbled inces- 
santly over a continuous reef of coral. 

I picked up one very fine specimen, which, though it 
weighed nearly a hundred weight, I resolved on getting 
transported to Edinburgh, and which now lies on the floor 
before me. It is a transverse cut of a portion of a large 
tree, including the pith, and measures twenty-three inches 
across. In the sections of trees, figured by Mr. Witham 
in his interesting and valuable work, the original struc- 
ture seems much disorganized: a granular radiating spar 
occupies the greater portion of the interior ; and the tissue 
18 found to exist in but detached portions. Here, on the 
contrary, the tissue exists unbroken from the pith to the 
outer ring. We may see one annual circle succeeding 
another in the average proportion of about ten per inch ; 
and though we cannot reckon them continuously, for 
there are darker shades in which they disappear, — shades 
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ASTRSA OF THE OOUTE, SUTHERLAND. 

• 

The same deposit in which I found the wood embed- 
ded, contains large masses of coral, all apparently of one 
qieeiefly— -not a branching coral, but of the kind which 
eoomsts of large stone-like masses covered on the surface 
with stellular impressions, framed in polygons, and which 
eomposes the genus Astrea. I picked up one very fine 
ipeoimen, which I have since got cut through and pol- 
idied. It presents a polygonal partitioning, of a delicate 
eream-color, that somewhat resembles the cells of a honcy- 
oomb. Each cell is filled with a brownish ground of car- 
bonate of lime ; and on this ground of brown there is a 
cream-colored star, composed of rays that proceed from 
the centre to the sides. One of these corals measured 
two feet and a half across in one direction, by two feet in 
another; and if it grew as slowly as some of its order in 
the present scene of things, its living existence must have 
stretched over a term of not less extent than that of its 
contemporary, the pine of the hundred rings. Some of 
the masses seem as if still adhering to the rocks on which 
they originally grew ; the pentagonal cells are still open, 
as if the inhabitants died but yesterday ; and the star-like 
lines inside still retain their original character of thin par- 
titions, radiating outwards and upwards from a depressed 
centre. In other instances they have been torn from their 
places, and lie upturned in the shale, amid broken shells 
and fragments of wood. I brought with me one curious 
specimen perforated by an ancient pholas. The cavity 
exactly resembles those cavities of the existing Lithodo- 
mos shell which fretted so many of the calcareous masses 
that lay scattered on the beach on every side; but it is 
shut firmly up by the indurated shale in which the sped- 
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tu6n itself had lain buripd, and a fragment of carbonized 
wood lies oiubeddcd in the entrance- The P4»ve i« cur- 
tained ncroM by a wall of masonry, immensely' more 
ancient than that which converted into a prison the cave 
of the Seven Sleepers. 

RECENT TTFES OF FOSSILS. 

An imagination carious to reerect and restore, finds 
assistance of no nnintercEting kind among tho pools and 
beneath the bunches of sea-weed which we find scattered, 
at the fall of the tide, over the surface of the Kavidale 
deposits. One very minute pool of sea-water, scarcely 
thrice the size of a common washing basin, and scarcely 
half a foot in depth, furnished me with the recent typea 
of well nigh all the fossils that lay embedded for several 
feet aronnd it; though there were few places in the bed 
where these lay more thickly. Three beautiful sea ane- 
mones — two of crimson, and the third of a green ish-bnff; 
color — stretched out their sentient petals along tbe sdes^ 
and the minute currents around them showed that they 
were all employed in their proper trade of winnowing the 
water for its animalcnlar contents, — working that they 
might live. One of the three had fixed its criniBon 1mm 
on the white surface of a fossil coral; the pentagoDal cav- 
ities, out of each of which a creature of resembling fi>im 
had once stretched its slim body and still minuter petals 
to agitate the water with similar enrrents, were lying open 
around it. In another comer of the pool a sea-urohin wa», 
slowly drag^ng himself up tbe slope, with all hia red. 
fleshy balsers that could be brought to bear, and all hi* 
nearer handspikes bard strained in the work. His pror 
grese resembled that of the famous Russian boulder, trauh 
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ported for so many miles to make a pedestal for the statue 
of Peter the Great; with this difference, however, that 
here it was the boulder itself that was plying the hand- 
spikes and tightening the ropes. And, lo! from the 
plane over which he moved there projected the remains 
of creatures of similar type; — the rock was strewed with 
fossil handspikes, greater in bulk than his, and somewhat 
diverse in form, but whose general identity of character 
it was impossible to mistake. The spines of echini, fret- 
ted with lines of projections somewhat in the style of the 
pinnacles of a Gothic building, lie as thickly in this de- 
posit as in any deposit of the Chalk itself. The pool had 
its asodphytes of the arborescent form, — the rock its flus- 
tra; the pool had its cluster of minute muscles, — the 
rock its scallops and ostrea ; the pool had its buccinidae, — 
the rock its numerous whorls of some nameless tuiTetcd 
shell ; the pool had its cluster of serpulae ; the serpulaB lay 
so thick in the rock, as to compose, in some layers, no 
inconsiderable proportion of its substance. 

« 

BBORA COAL-FIELD OTHER THAN THE TRUE COAL MEASURES. 

A coal-field in other than the true Coal Measures is 
always an object of peculiar interest to the geologist ; and 
the coal-field of Brora is, in at least one respect, one of 
the most remarkable of these with which geologists are 
yet acquainted. The seams of the well-known Bovey 
ooal of South Devon — a lignite of the Tertiary — are 
described as of greater depth ; but it bums so imperfectly, 
and emits so offensive an odor, that, though used by some 
of the poorer cottagers in the neighborhood, and some of 
the local potteries, it never became, nor can become, an 
article of commerce. It is curious merely as an immense 
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BCcumuliktioQ of vegetable matter paising into tlie tniscral 
«t»te, — na, shall I vtiiture to say, a sort of half-min*ni!i»d 
peat of the Tertiary, — a peat moss that, instead of ovw- 
l.nng, underlies the diluvium. In the Brora coal, as might 
be inferred from lis much greater age, the process at 
mineralizittion is more complete ; and it fiimishes, if I 
mistake not, the only instance in which a coal newer tliaft 
thnt of the carboniferous era has been wrought for oen- 
turies, and made an article of trade. There were pt* 
opened at Brora us early as the year 1508: they wert 
rf6|ic»ed at various intermediate periods in the Mveo- 
teeiith and eighteenth centuries; on one occasion in tin 
midJle part of the latter, by Williams, the author of » | 
" Natural History of the Sfineral Kingdom," which b» i 
been characterised by Lyell as " a woi'k of great merit for 
its day;" and during twelve years of the present centnif, 
from 1814 to 1826, there were extracted from bnt a mn^ 
pit in this field no fewer than seventy thousand tons of 
coal. The Oolitio coal-field of Sutherland stands ont m 
prominent relief amid the ligneous deposits that derivo 
their origin from the later geological floras. And yet iti 
commercial history does not serve to show that the speea- 
latioDS of the miner may be safely pursued in connectioii 
with any other than that one wonderfol flora which hai 
done so much more for man, with its coal and its iron, 
than all the gold mines of the world. The Brora wo^ 
ings were at no time more than barely remnnerative; and 
the fact that they were often opened to be as often ab«k- 
doned, shows that they must hare occasionally fiilleB 
somewhat below even this low line. Latteriy, at leart, 
it was rather the deficient qualitj of the coal that ini& 
tated against the speculation, than any defidencj in tlta 
quantity found. It burned freely, and threw oat a pow- 
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erfhl flame; bnt it was accompanied by a peculiar odor, 
that seemed to tell rather of the vegetable of which it 
bad been originally composed, than of the mineral into 
which it had been converted, and then sunk into a white 
fight * ash, which every breath of air sent floating over 
oarpets and furniture. And so, when brought into compe- 
tition, in our northern ports, with the coal of the Mid- 
Lothian and English fields, it failed to take the market. 
The speculation of Williams was singularly unlucky. He 
became lessee of the entire field about the year 1764, and 
wrought it for nearly five years. There occurs near the 
centre of the main seam a band of pyritifcrous concre- 
tions, which here, as elsewhere, have the quality of taking 
fire spontaneously when exposed in heaps to air and mois- 
ture, and which his miners had not been sufficiently careful 
in excluding from the coal. A cargo which he had ship- 
ped from Portsoy, in Banfishire, took fire in this way, in 
consequence, it has been said, of the vessel springing 
a leak; and such was the alarm excited among his cus- 
tomers, that they declined dealing with him any longer 
*for a commodity so dangerous. And so, after an ineffec- 
toal struggle, he had to relinquish his lease. 

LONDON MUSEUM OF ECONOMIC GEOLOGY. 

In the Museum of Economic Geology now in the course 

of forming in London, there are specimens exhibited of 

not only the various rude materials of art, furnished by 

the mine and the quarry, but also of what these can be 

converted into by the chemist and the mechanic. Not 

only does it show the gifls of the mineral kingdom to 

man, but the uses also to which man has applied them. 

The rough and unpromising block of marble stands side 
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«\)Hk«i^ »^*«v "^f ^-ts oc^nnal and r^^Ue qualities than 
ff iti M^yfc^^JL airrf rtT i^crrr A second apecimen, brought 
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from a deeper bed of the same deposit, might be chosen 
by the darker brown of its color, and its nearer approxi- 
mation to the structure of pit-coal. The Oolitic coal of 
the Brora or Yorkshire field might furnish at least two 
specimens more. And thus the collector might pass on, 
bj easy gradations, to the true Coal Measures, and down 
through these to the deeplynseated anthracite of Ireland, 
or the still more deeply-seated anthracite of America, — 
not altogether so assured of his arrangement, perhaps, as 
in dealing with the processes of the laboratory or the 
workshop, but at least tolerably sure that both chemists 
and naturalists would find fewer reasons to challenge than 
to confirm it. 



BBORA FEAT-MOSSES OF THE OOLITE. 

The Brora field, so various in its deposits, must have ex- 
isted in many various states, — now covered by salt water, 
now by fresh, — now underlying some sluggish estuary, — 
now presenting, perchance, a supcraqueous sui'fiice, dark* 
ened by accumulations of vegetable matter, — and now, 
again, let down into the green deptlis of the sea. To real- 
ise such a change as the last, one has but to cross the 
Moray Frith at this point to the opposite land, and there 
see a peat-moss covered, during stream tides, by from two 
to three fathoms of water, and partially overlaid by a 
stratum of sea-sand, charged with its characteristic shells. 
It is a small coal-bed, kneaded out and laid by, though 
atill in its state of extremest unripeness, — a coal-bed in 
the raw material; and there are not a few such on the 
coasts of both Britain and Ireland. Professor Fleming's 
description of the submerged forests of the Friths of 
Forth and Tay must be familiar to many of my readers. 
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Tbej m«t hKf9 heard, too^ throo^ the ftpfaioini '*Pkm- 
cipks\of LyeD, of the tabmeiged fiMette of Lanenhn 
*!■ peHmg orer Black Sod Bay, in a dear, oalm mon- 
n^* tayi s late tourist in Ems and Tjrmwlj, **I «obU 

frthoms down, the roots of trees that aeconed of tke 
sort as are ererj day dog oot of oor bogs.* Kow, 

do not know that the Oolite had properiy its pol- 
The climate, though its pines had their wdl- 
Bsifccd annual rings, seems, judging from its other pro- 
dnctioMb to hare been wanner than those in whidi pot 
B^w nccnmnlatcs; hot there can be no doobt that both it 
sad th* trae Coal Measores most have had their V8d 
m K wmm iaii om f of regektUe matiery formed^ in matu^ {s- 
4«««cv«« t«i CAtf fpot OH which the rtgetabie matter grew; 
a»i no one sar^Iy need ask a better definition of a peat- 
swsk A podit-moss. in the present state of things, is sim* 
Kt ul accumQl;ition of Tesetable matter formed on the 
spec on wh:ch it givw. These, as I have said, we fi^ 
^^^cKtttly f ssl let down on our coasts far beneath the ses- 
Vvy-l xad vwefvd up by marine deposits ; and the &ct 
&r5:>^^f« a f r<4 and important step in the proposed seriil 
JkrrK3^e»f{ii of coal in the forming. May I not further 
a^.L i^uA P!\>K'%isor Johnston, of Dnrharo, so well known 
» ;5:< &f I>i 1^* p?ological chemistry, regards all our coal- 
jiMUB^ w*i<-:h<r v^f the Carboniferous period or of the Oo- 
!t:x\ a» n<7>^ KmIs of ancient peat, mineralized in the labo- 
rttccr o« Xat;ire? 



<i* xnnT or MLiuLiiBnT rrrcK oolite, Sutherland. 

vSn <«i^i^ the quarry hollowed on the southern emi- 
VMVK'^ \Nne » first struck by the character of the broken 
WMIM« x^" stone that lie scattered over the excavations. 
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The rubbish abounds in what seem fragments of a very 
exqubite sculpture. The shells and lignites, which it con- 
tains in vast numbers, exist as mere impressions in the 
white sandstone, and look as if fresh from the chisel of a 
Thorn or Forrest. But even these masters of their art 
would confess themselves outdone here in beauty of finish. 
Their best works don't stand the microscope ; whereas the 
carvings of the Upper Oolite here, though in sandstone, 
mightily improve under it. The cast of a broken fi-ag- 
ment of wood at present before me shows not only the 
markings of the annual rings, but also the microscopic 
strio of the vegetable fibre, — a niceness of impression 
impossible in any sandstone that had not what the sand- 
atones of this quarry have, — a large mixture of calcare- 
ous cement. I remember that, on my first introduction to 
the excavations of Braambury, — for such is the name of 
the quarry, — the vast amount of what seemed broken 
sculpture in the rubbish reminded me of some of Ten- 
nant's singularly happy descriptions in his " Dingin down 
o' the Cathedral." They seemed mememorials of a time 
when, to the signal detriment of ecclesiastical architecture 
in Scotland, and all the good solid religion that springs 
out of sandstone, 

" nk tirlie-wirlie mament bra. 
That had for centuries ane and a' 
Brankit on banker or on wa'. 
Cam tumblin tap o'er tail * * 
Whan in ilk kirk the angry folk 
Carv't wark, an arch, an pillar broke." 

I had not a few other recollections of the quarry of 
Braambury. Nothing can be more interesting to the geol- 
ogist than its fossils, and nothing more annoying, at times, 
to the workman. Occurring often in the wrought stone, 
they occasion sad gaps and deplorable breaches, where the 

27* 
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plane should be smooth or the moulding sharp. I remem- 
ber laving open, on one occasion, a beantifhl cast that had 
once been a belemnitc, but that had become a mere cavity 
in which a belemnite might be moulded, — for even this 
solid fossil, that so doggedly preserves its substance ia 
mvMt other deposits, is absorbed by the sandstone of 
Braambnry. And greatly did I admire its peculiar state 
of keeping. The smooth, cylindrical hollow was partitioned 
aci\>» by two stony diaphragms, thin as bits of drawing- 
paper : for ere the absorbing-process had begun, the fossil 
had l^en broken into three pieces by the superincambeat 
we:ghi« and the minute strips of sand which had filled np 
the cracks had hardened into stone. The point was sharp 
asd ssnoinh : a rectilinear convex ridge showed the place 
v-f the aKlominal groove : a cone at the base, lined trans- 
v^r«:v. rorresontoil the ehanibervd shell of the interior. 
Tbcre oouM r.ot be a more interesting specimen for a 
r.i"i?^*:s*\ ; b;::, alas ! it oocupied the polished plane of a 
:.*r.*S«.^r.c\;;i>: where the hicjactt should have been; and 
:>.*-v:^. i: >Tr.:Kvir«:-l the sentence wonderfullv well, it was 
a <}-•.>.' wy.:oV. I tVarv^i few would succeed in interpreting. 
; y'..-:o.l :: v^:;: :o a brv^thor workman. "Ah," said be, 
•"^, - ri>c c * v~v o:" :1 c>e lonrible tanjxle-holes : thev're 

M*vx A v".;r..^v.> :V.:r.^ Iks: .les diH^s this quarry contain: 
K'*os of :-?-^xSv :*..:: l^vk as if sculj lured in the white sand- 
«. "i\ xk .:';•. :r.c:r ;rr.:ir*ei ar.d twisted knots and furrowed 
T*. ,\s ; s:";.:i-A rtx .;> of :ho s:i:r»e brittle material, that 
Skxr.\ :'^i- r^.::cv; vV >.:•:: r.s of arvhitootund models; club- 
's*.'' x>s^-^ ^::> :*-c:r Ti:vx:V.':v-tiispt'»>ed branches; rounded 
sror^s ^*Vo,; *.;ki :ho ov^r.os of ibo fir; impressions of ^-^ 
Ka*-.:^ s^or.Ui^\<:xNi !t\^vo>v that resemble the leaves of 
t-^v v-:*: Ar.o* :!:i- vV*s;s of fragmentary masses of timber. 
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deeply fretted by the involved and tortuous gnawings of 
some marine worm. Such are a few of the sculptured 
representations of the flora of the period, — things more 
delicate by a great deal than those carved flowers of Mel- 
rose which we find described with such picturesque efiect 
by Sir Walter. And its fauna we see represented quite as 
interestingly as its flora. Its sculptured Pcctens remind us 
of those of a Grecian frieze ; a beautifully-ribbed Cardium 
has proved a still finer subject for the chisel ; its Gryphites 
stand out in the boldest style of art. One very striking 
Ammonite (Ammonite perarmatus) exhibits a double row 
of prominent cones, that run along the spiral windings, 
and give to it the appearance of an Ionic volute inge- 
niously rusticated ; and another Ammonite, that takes its 
name from the quarry (Ammonite Braamiburienaia)^ pre- 
sents on its smooth, broad surface, — for in form it resem- 
bles some of our recent nautili, — the gracefully-involved 
lines of the internal partitioning, as sharp and distinct as 
if traced on copper by the burin. The traveller explores 
and examines, and finds the rude excavation on the hill- 
side converted into the studio of some wonderful sculptor. 
In the quarry opened on the other eminence there are 
similar appearances presented, but the stone is sofler, and 
the impressions less sharp. 

GLACIERS AND MORAINES OF SUTHERLAND. 

Let US mark the abrupt and imposing character of the 
hills. They rise dark, lofly, and bare, and show — to em- 
ploy a graphic Highland phrase — their bones sticking 
through the skin. They must have been well swept, 
snrely; and as they are composed mainly of Old Red 
Sandstone conglomerate in this locality, — for we have left 
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Krcbx'i ns the gnnitio hDLi of Xavidale and Loth, — their 
«we«c in^ cooIJ we bat find them, would have, doubtless, 
a. vell-ciArked character. And now let ns turn to appear- 
a::^.-e» of another kind. We stand on the polished snr&oe 
of ihe rock, with its rectilinear grooFes and scratches, and, 
wht^n we look up^r^rd* along the lines, see the monntains 
an* I the T:iller ; but what see we when we look downwardi 
along the Unes? Something exceedingly cnrions indeed; 
— double and triple ranges of miniature hills, composed of 
K^uldens and graTeL the veritable conglomerate sweepings 
of the mountain-«Iopes and the yalley, mixed with sweep* 
ings of the more distant primary hills that rise behind. 
Th<?re thoy lie. in lines that preser\'e such a rude parallel- 
i<:u to the steep rmge fix>m which they were originally 
s^TajH>l, as the waves that rebound from a seaward barrier 
of oiLdT m.iiutain to the line of the biirrier. Varying from 
thirty to forty feet in height, and steep and pyramidal, in 
the orosii section, as roo6 of houses, they run in contin- 
uous uiuluhiting lines of from a hundred yards to half a 
mile iu lonirth. Three such lines, with their intervening 
valleys, ^vour lH?tween the base of Braambury Hill and the 
village of Bi\^ni, like inner, outer, and middle mounds of 
oiix'iiiuv:illatiou in an ancient hill-fort. If one steadily 
rakes, with the edge of one's moLst palm, the scattered 
crumbs on a polished tea-table, they form, of course, into 
irreguhur lines, presenting in the transverse section a 
rudely angular form ; and in the direction in which they 
liave been swept, the moisture from the palm frirrows the 
mahogany with minute streaks of dimness. The illustra- 
tion is one on the smallest scale possible. But if the palm 
be tolerably moist, the crumbs tolerably abundant, and the 
polish of the mahogany brought brightly out, and if we 
rako into rude parallelism in this way, line after line from 
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the front of some platter or bread-dish, upturned to repre- 
sent the line of hills, we shall have provided ourselves with 
no very inadequate model of the phenomena of Braam- 
bury. But what palm of inconceivable weight, breadth, 
and strength, could have been employed here in thus 
raking the debris into lines of hills half a mile in length 
by at least thirty feet in height, and in pressing into 
smoothness, as it passed, the asperities of the solid rocks 
below? The reader has already anticipated the reply. 
We have before us indications of an ancient glacier, the 
most unequivocal that are to be found, perhaps, anywhere 
in the kingdom : there is not a condition or accompani- 
ment wanting. I have had my doubts regarding glacial 
agency in Scotland; but, after visiting this locality a 
twelvemonth ago, I found doubt impossible ; and I would 
now fain recommend the skeptical to suspend their ulti- 
mate decision on the point, until such time as they shall 
have acquainted themselves with the grooved and polished 
rocks of Braambury, and the parallel moraines that stretch 
out around its base. 

I had lacked time, during my visit of the previous sea- 
son, to examine the moraines that lie in the opening of the 
Talley higher up, and now set out to explore them. The 
day had become exceedingly pleasant. A few cottony- 
looking wreaths of mist still mottled the hills, and the sky 
overhead was still laden with clouds ; but ever and anon 
the sun broke out in hasty glimpses, that went flashing 
across the dark moors, now lighting up some bosky recess 
or abrupt clif^ now casting into strong prominence some 
insulated moraine. The hollow between Braambury and 
the hills is occupied, as I have said, by an extensive mo- 
rass, in which the inhabitants of the neighborhood dig 
their winter fuel, and which we find fretted, in conse- 
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imw ikiwwsFQt under ?^ resL vUdi, in the alow 

«c «?s&. iimL Axuzmiuneii svn»i h. md foond tlie 

IT centuries ago^ 

E^iBjT denlaens of the 

tL "zat mMft ^naA 3^ew «9T«»of^ them had not 
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ttcwz Vj i&if i^B panxtiiMEun|!« that diride intemallj its 

<:aAs ocT B<tfeacai;^tsw :t must have hardened ere its fossOa 

ww« abMwbie«i ; aad. as shown bj its polished and striated 
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•Sj oT«r it. We we laid bare in the lines of the striao, the 

cdtfU of Gfrphites Pectens, and Terebratnla; we see, 
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fcrther, that the hollows which they formed were weak 
places in the stone, and that the ice, breaking through, had 
crashed into them the minute fragments of which their 
roofi had been composed ; and so infer, from the appear- 
ances,, that the newer Oolite of Sutherland must have been 
aa firm a building-stone in the ages of the glaciers as it is 
now. 

As we approach the valley of the Brora, we see a long, 
well-marked moraine sweeping in a curved line along the 
base of the hill that forms its northern boundary of en- 
trance, and are again reminded, by the general parallelism 
of mondne and hill, of the reversed wave thrown back from 
a barrier of rock. In the gorge of the valley, immediately 
below where the river expands into a fine wild lake, we 
find the moraines very abundant, but preserving no regu- 
larity of line. They exist as a broken, cockling sea of 
miniature hills ; and, to follow up the twice-used illustra- 
tion, remind one of rebounding waves at the opening of a 
rocky bay, where the lines meet and cross, and break one 
another into firagments. Like many of the other moraines 
of the Highlands, they were of mark enough to attract the 
notice of the old imaginative CeltsB, who called them Tbm- 
h€tnSy and believed them to be haunts of the fairies, — dom- 
iciles whose enchanted places of entrance might be discov- 
ered on just one night of the year, but which no man, not 
desirous of becoming a denizen of fairyland, would do well 
to enter. The lake above is a fine, lonely sheet of water, 
firinged with birch, and overlooked by many a green, unin- 
habited spot, dimly barred by the plough. A range of 
stem, solemn-looking hills rise steep and precipitous on 
either hand ; while a single picturesque hill, with abrupt 
aides and a tabular summit, terminates the upward vista 
some six or eight miles away. I saw iu one reedy bay a 
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dtwwtastWm aptmag thm liraad wUie 
to tlw l^t ; and, wiihiiig to 
rnvrif of out tkaft grew nearer the diore thn MTjr 
of il» o(lMeff% wmi hoTing no eaoli oompanion as OowpeA 
4i|g Bean to bring it Be» I cnt a long awiteh of binhi ^ai 
Anryly at the at e m , tliat I might decapitate it, nl 
it to land. But the blow, though repeated nd 
ftn ab o rt ; and I had drawn my laat, wiienup 
bottom a aplendid lily, two-durk 
4rnek|«dL— a tine Tcnns, that, rising from the water, 
to the %fat» neck-deqi^ with the rest The Mg^ 
by the atrokea had burst the calix, tad, 
to tea nBinui» np the prematorely-liberated fiower hal 
ige whidi the incident furnished mingled 
[kwsIt with my anempled restorations of the andent 
state of the valley. The delicate lily, rising to the snrfiwe 
in iti <|aiec sh^tered bay« doring a bright glimpse of son- 
shine« {brmed an iniere$ting point of contrast to whit 
w e m ed a T;fert koming river of ice, that rose on the hill- 
sid«9 mon? than half their height^ and swept downward!, 
tin wherv it terminated in the plain, in an abmpt moving 
preicif ice. that ploughed before it, in its irresistible mandi, 
huge hills of gravel and stone. 

LEVEL STETTES OF BUSSIA. ASD THBOBT OF XORAimES. 

In the level steppes of Russia, where the traveller may 
journey without seeing a hill for weeks together, the rodn 
have their grooved and polished surfaces. And even in 
localities where there are hills, the hills not unfrequentlj 
merely add to the difficulty. The lofly top of Schehallien, 
for instance, is grooved and polished ; and, pray, from what 
neighboring eminence could tbe glacier have descended on 
it ? Extreme, however, as the difficulties that environ the 
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phenomena mnj seem, they have been mnnfuHy met by 
Agassiz, and dealt with in a style in which only a man of 
genias could have dealt with anything. And if difficulties 
still attend his theory, there are at least other difficulties 
which it ingeniously obviates ; and it seems but right, at 
all events, to give it generous entertainment and a fnir 
trial, until such time as it may be found untenable, or until 
at least something better turns up to set in its place. 

The flat steppes of Russia have, I have said, their groov- 
ings and polishings : they have also their moraine ; and so 
enormous is the extent of the latter, that for week after 
week the traveller may find it stretching through the cen- 
tral wilds of the empire, on and on, without apparent ter- 
mination, by North Novogorod towards Pinsk, as far as 
the confines of Silesia. It exists as a broad belt of erratic 
blocks, mingled with heaps of gravel, and resembles, from 
its linear continuity, the scattered remains of some such 
Tast wall as that which protected of old the Chinese fron- 
tier from the Tartar. And here, says Agassiz, is the mo- 
raine of a glacier that had for its centre no group of local 
eminences, no vanished Alps of the Frozen Ocean, but the 
North Pole itself. The ice of the Southern Pole advances 
as far. Could we but reverse the conditions of the two 
poles, the northern icy barrier would extend to the English 
Channel, and the whole British islands would lie enveloped 
in one vast glacial winding-sheet, that, overlying the sum- 
mits of our hills, would furrow with its parallel striae even 
the granitic top of Schehallien. 

A complete reversal of the conditions of the two poles 
trould account, doubtless, for many of the phenomena 
existing in connection with the boulder-clay, which seem 
otherwise so inexplicable. But is the reversal itself pos- 
gible ? A Laplace or Lagrange could perhaps answer the 
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qnestion. This mnch, however, men of lower attainments 
may know, — that the meteorological condition of the 
two poles are very different, — the icy barrier advancing, 
in the case of the one, many degrees nearer the equator 
than it does in the case of the other ; that their astronom- 
ical condition is also very different, the snn being many 
millions of miles nearer the one in winter, and nearer the 
other in summer. It may be known, further, that these 
astronomical conditions are in a state of gradual change ; 
that, so far at least, as human observation extends, the 
change has been steadily progressing in one direction; 
that, should it but continue, a time must inevitably arrive 
when their astronomical circumstances shall be wholly re- 
versed, — a time when the sun shall look down upon our 
northern hemisphere in aphelion in winter, and in perihe- 
lion in summer. True, we do not yet know that the me- 
teorological differences of the pules depend on their astro- 
nomical differences, or whether the gradual diminution in 
the eccentricity of the earth's orbit, which has been lessen- 
in«x these latter differences ever since astronomers rems- 
torod their obser>'ation8, may not be like the change in the 
ecliptic, — the result of mere oscillation, limited to a few 
degrees. 

Let us, however, conclude the case to be otherwise ; let 
us deem the oscillations in the earth's orbit to be so great 
as to involve an alternate progress in the sun, between his 
two foci; let us further infer a dependence between his 
place in each and the meteorological condition of tlie 
poles. We stand, let us suppose, on the summit of a hill ; 
but, as if an immense wedge had been thrust between our 
feet and the soil, we rise to a higher elevation on an in- 
clined plane of ice, and look over a frozen continent, 
enlivened by no winding arms of the sea, and bounded 

In the words of Coleriilge, 
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^The ice Ib here; the ioe to there; 
The ice is all aroand; 
It cracks, and growls, and roan, and howls, 
A wild and ceaseless sound." 

It is snmmer; and the sun, in perihelion^ looks down with 
intense glare on the ragged surface. There is a ceaseless 
dash of streams that come leaping from the more exposed 
ridges, as they shrink and lessen in the heat, or patter from 
the snnlit pinnacles, like rain from the eaves of a roof in a 
thunder-shower. They disappear in cracks and fissures; 
and we may hear the sound, rising from where they break 
themselves, fiur beneath, in chill caverns and gloomy re- 
cesses, where, even at this season, at noon, the tempera- 
ture rises but little above the freezing-point, and sinks far 
beneath it every evening as the sun declines. The night 
shall scarce have come on when all these water-courses 
shall be bound up by the frost, and the melted accumula- 
tions which they precipitated into the fissures beneath 
shall be converted into expansive wedges of ice, under the 
influence of which the whple ice-continent shall be moving 
slowly onwards over the buried land. Millions of millions 
of wedges shall ply their work during the night on every 
square mile of surface, and the coming day shall prepare 
its millions of millions more. There is thus a slow but 
steady motion induced towards the open space where the 
liugo glacier terminates ; the rocks far below grind down 
into a clayey paste, as the ponderous mass goes crushing 
over them, — deliberate, when at its quickest, as the hour- 
band of a time-piece, — and vast fragments are borne away 
from submerged peaks and precipices by the enclasping 
solid, just as ordinary streams bear along their fragments 
of rock and stone from the banks and ridges that lie most 
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<^\Tw»cd to the sweep of their currents. AH sround, so- 
o«.'rdiiig to Milton, 

A fiPOECII OOOtiOCBt 

Lies dark msA wild, beat bj peipetoal Btonns." 

Xot s peak of our higher hills appears : all are enrelqwd 
in ihoir ce^^meIlts of cold and death. Even along the 
flanks of the gigantic Alps, the groovings and polishings 
nso^ s;aT$ Agassiz, to an elevation of nine thousand feet; 
and then, and not hefore, do we find the pinnacles that 
ovoriiV^ked the scene standing np sharp and anworn. If 
wo a^ a varied prospect, we must remove from our pres- 
ent stand, to where Mont Blanc and his compeers raise 
their white summits over the line of the horizon, to give 
earnest of a huried continent, or to where the smoke and 
fire of Ilecla ascends amid the level from a dripping crater 
of ice. 

CKOMAETT. 

Cromarty, — my own especial manor, which I have so 
often beat over, but not yet half exhausted, — presents to 
the geologist one of the most interesting centres of explor- 
ation in Scotland. Does he wish thoroughly to study our 
Scotch Lias, Upper and Lower, with the Oolitic member 
which immediately overlies it? — then let him remove to 
Cromarty, and study it there. J§ he solicitous to acquaint 
himself with the fossils of the Lower* Old Red Sandstone 
in that state of finest preser\'ation in which the microscope 
finds most of beauty and finish in them ? — then let him 
bv all means settle at Cromartv. Is he wishful of know- 
ing much about the last elevated of our granitic hill 

1 Now ascertained to be Middle, 
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ranges, — a range newer, apparently, than many of our 
floath-country traps ? — let him not hesitate to take lodg- 
ings at Cromarty. Is he curious regarding our boulder- 
day ? — let him set himself carefully to examine the splen- 
did sections which it presents in the neighborhood of 
Cromarty. Does he feel aught of interest in our raised 
beaches ? — then let him come and live upon one at Cro- 
marty. Is he desirous of furnishing himself with a key 
to the geology of the north of Scotland generally ? — in 
no place will he be able to possess himself of so complete 
a key as among the upturned strata of Cromarty. Had 
he to grope his way along a course of discovery, he might 
find the district yielding up its more interesting phenom- 
ena but slowly. To know its Lias deposits thoroughly 
would be a work of months, and to know its Old Red 
Sandstone, a work of years; but with some intelligent 
guide to point out to him the localities to which his atten- 
tion should be directed, and all in them that has been 
done and observed already, he would find that much 
might be accomplished in the course of a single week, — 
especially in the long calm days of July, when the more 
exposed shores of the district, with all their insulated 
stacks and ledges, and all their deep-sea caves, may be 
explored by boat. 



CAVES OF CBOMARTT, OR THE ARF OF SEEING OYER THE 

ART OF THEORIZING. 

We swept ownwards through the noble opening of 
the Cromarty Frith, and landed under the southern Sutor, 
on a piece of rocky beach, overhung by a gloomy semi- 
circular range of precipices. The terminal points of the 
range stand so far out into the sea, as to render inaoces- 
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sible, save by boat, or at the £ill of ebb in stream iiisBf 
the piece of crescent-shaped beach within. £adi of the 
cvo promontories is occupied by a cave in which the lea 
;tt dvKHl stands some ten or twelve feet over the graTel 
bt.'CCi.«au and there are three other caves in the semicircle^ 
iiicu which the tide has not entered since it fell back from 
'h%s uiil coast line. The larger and deeper of the three 
o-ivus iu che isemioircular inflection is mainly that which 
'•%u had I:iuded to explore. It runs a hundred and ^j 
-v«t :iuu :ue yjanitic rock, in the line of a fault that seemf 
irx :o jave opened some eight or ten feet, and then, leaii- 
'.JL^ '.Hick« lo have closed its sides atop, forming in this way 
A IvUiT .tnsnuar hollow. It has borne for centuries the 
v..uu«: .f ::ie />•>!M.•t>^ 4. e, I>oc€'COty Cave, and has been 
r* :u time isimeraorial a haunt of pigeons. We approach 
:"..v .ivr.ir.j. There is a rank vegetation springing up in 
fr r.:, when.- :ho pivcipioe beetles over, and a bmall stream 
o.-rr-i-s r^::«:r.rijr in detached drops like those of a thumier- 
j-V.jwir; ir. i we see luxuriatinir under it, in vast abun- 
.',..r..*v. :^.i r. :• bi::er. lleshy-leaverl scurvy-grass, of which 
v\«.t r.-.i'.i- >-/r. IjTp? use, in his voyages, as an anti-scor- 
r ..:..'. T>.e ^;- r is damp and mouldy; the gi*een ropy 
s. ■.»*^ ^"vr.h r!s<- so:r.e dve-and-twontv feet ere thev close, 
s.r\- :1":.."k y :"l;rrv^wo.l by ridges of stalactites, that become 
•. .:::\r iv.t whiter ;is we reiiiv from the light and the vege- 
:.i:;\ ; :::!!uer.vx^ anl present in the deeper recesses of the 
cv^v,' :V.e h-.;o of statuary marble. The last vegetable that 
ivvc-^rs :s a i;i:nv;:e delioate moss, about half an inch in 
\:\::h. wr.ivh >I.iu:s outwanls to the light on the promi- 
r«:*.KV vf :he sL us* :uid overlies myriads of similar sprigs 
ct :uvnssn. *o:'.c siiuv vvnverted into stone, but which, faith- 
t*.;' :a .leath to the niUng law o{ their lives, still point, like 
to the frw air and sunshine. As we step on- 
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wards, we exchange the brightness of noon for the mel- 
lower light of evening. A few steps further, and evening 
has deepened into twilight. We still advance: and twi- 
light gives place to a gloom dusky as that of midnight. 
We grope on, till the rock closes before us ; and, turning 
round, see the blue waves of the frith through the long, 
dark vista, as if we viewed them through the tube of some 
immense telescope. We strike a light. The roof and 
sides are crusted with white stalactites, that depend from 
the one like icicles from the eaves of a roof in a severe 
finost, and stand out from the other in pure, semi-transpar- 
ent ridges, that resemble the folds of a piece of white 
drapery dropped from the roof; while the floor below has 
its rough pavement of stalagmite, that stands up, wherever 
the drops descend, in rounded prominences, like the bases 
of columns. The marvel has become somewhat old-fash- 
ioned since the days when Buchanan described the drop- 
ping cave of Slains, — "^ where the water, as it descends 
drop by drop, is converted into pyramids of stone," — as 
one of the wonders of Scotland, and deemed it necessary 
to strengthen the credibility of his statement by adding, 
that he had been '^informed by persons of undoubted 
veracity that there existed a similar cave among the Pyr- 
enees.** Here, however, is a puzzle to exercise our ingenuity. 
Some of the minuter stalactites of the roof, after descend- 
ing perpendicularly, or at least nearly so, for a few inclios, 
turn up again, and form a hook, to which one may sus- 
pend one's watch by the ring ; while there are others that 
form a loop, attached to the roof at both ends. Pi*ay, how 
could the descending drop have returned upwards to form 
the hook, or what attractive power could have drawn two 
drops together, to compose the eliptical curve of the loop ? 
The problem is not quite a simple one. It is sufficiently 
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hard st least, as it baa to deal widi only hatf^HiBoea of 
rock, to incalcate caution on the theorists who profess to 
deal with whole continents of similar materiaL Let ns 
examine somewhat narrowly. Dark as the recess island 
though vegetation fiiils full fifty feet nearer the entrance 
than where we now stand, the place is not without iti 
inhabitants. We see among the dewy damps of the roof 
the glistening threads of some minute spider, stretching 
in lines or depending in loops. And just look here. Along 
this loop there runs a single drop. Observe how it d^ 
scends, with but a slight inclination, for about two inchci 
or so, and then turns round for about three quarters of as 
inch more; obser^'e further, that along this other loop 
there trickle two drops, one on each side ; that, as a conse- 
quence of the balance which they form the one against the 
other, their descent has a much greater sweep ; and that, 
uniting in the centre, they fall together. We have found 
a solution of our riddle, and received one proof more of 
the superiority of the simple art of seeing over the ingen- 
ious art of theorizing. 

But let us proceed to the proper business of the excra»» 
sion. We have provided ourselves with tools for digging; 
and, selecting a spot some thirty feet within the cavern, 
where the bottom seems composed of a damp dark mould, 
we set ourselves, with spade and pick-axe, to penetrate 
to the sea-gravel beneath. The soil yields as easily to the 
tool as a piece of garden mould ; and, turning it up to the 
light in cubical adhesive masses, we find it consisting of 
an impalpable brown earth, that exactly resembles raw 
umber. We have £illen on a bed of pure guano, not 
quite so rich, perhaps, as that which our agriculturiste 
export from the rocky islets of South America, at the rate 
of about fourteen pounds per ton, for it must have been 
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formed originally of vegetable, not animal matter, and we 
find that it lacks the strong ammonical smell of the guano 
produced by predacious water-birds; but, judging from 
its appearance, and from the high estimate formed of old 
of the dung of pigeons as a manure, it must be of value 
enough to deserve removal from the damp unproductive 
floor of the Doo-cot. We find the bed which it com- 
poses extending downwards from two to three feet, and 
filling the cavern from side to side. A rock-gravel lies 
below, hardened into an imperfect breccia by a ferrugin- 
ous cement; but the rotting moisture exuded from the 
guano has been unfavorable, apparently, to the preserva- 
tion of the shells, and we find that it contains nothing 
organic^ We again remove to the inner recesses of the 
cave. Mark first, that peculiar appearance along the sides. 
There stands out, at the height of about four feet from 
the present floor, what seems a rude projecting cornice of 
rock-gravel, bound together by the stalactitical cement: 
the projection at one point somewhat exceeds eighteen 
inches ; and we find it bearing short-stemmed stalagmites 
atop, just like the rugged pavement below. To use a 
homely but apt illustration, the appearance is that ])re- 
sented by the lower part of a tallow-candle that had been 
burning, exposed to a current of air, with its grease run- 
ning down in ridges on the sides, and then spreading out 
on the margin of the metal socket, when, afler raising it 
out of the candlestick, we see the lower accumulation pro- 
jecting from it like a cornice. That line of projecting 
gravel indicates the level at which the floor of the cavern 
once stood. If we remove the looser parts of the present 
floor, we shall find its place indicated by just a similar line 
of projection. The loose sea-gravel could have adhered 
to the sides only by having formed the part of the floor in 
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contact with theAi, until the BtaUgmitical sdbstance had 
taken effect upon it, by binding* it into a maaSy and fixing 
it where it had l.«un. Let us break into one of the pngee- 
tions. We find it a true breeda, thickly intersperaed with 
such fragmenta of ahella aa we may pick np by hundred! 
in the neighboring aeapcavea, where the inceaaant beat of 
the surf on the hard rocka against which it daahea breab 
them into rounded fragmenta. There, for inatance, is a 
massy little bit of the strong smooth buckio, {l^kuui Aih 
/lytft/^), the largeat of British univalvea ; and there a frag- 
ment equally maasy of the Icelandic Yenua, — both of 
them productions of the oceans, and of such livera aa the 
Friths of Cromarty and Dornoch. The materiala of the 
projecting cornice are those of a cavern-beach much ex- 
posed to the roll of the surf. 

Let us now see what our several points of circumstan- 
ti:il evidence amount to. First, then, the bottom of the 
cave must have stood at one time at least four feet over 
its present level, and at least fourteen feet over the level 
of the two sea-caves outside; and yet, just as the sea now 
covers thtmy must the sea at that remote period have 
covered it. The incessant wave must have resounded 
along these silent walls as it dashed sullenly onwards, and 
awakened all tlieir echoes with its harsh rattle as it rolled 
back. The cavern at that early time, like all the other 
deep-sea caves of the coast, could have had no crust of 
stalactites. Its sides and roof must have been as dark and 
bare as the sides and roofs of the caves outside, where the 
spray washes away every film of calcareous matter ere it 
has been deposited for half a day. A sudden elevation 
of the coast took place, and sudden it must have been, for 
the loose gravel beach, with its finely comminuted shelly 
Was %t once raised beyond the influence of the tides ; the 
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alactitical ridges began to form on the walls, and the 
Mi-gravel to consolidate — where these terminated be- 
sath, and the petrifying water oozed through — into the 
recdated cornice. But the waves from the lower line 
id been encroaching inwards, bit by bit, from the cavern's 
loath, washing down the floor to their own reduced level, 
Dtil they had at length scooped it all out, and left but 
le hardened projections to mark where it had stood. 
lie cave, though now occupied by only the higher tides, 
sd again become, in some sort, a sea-cave, when a second 
levation of the land raised it to its present level. The 
jvering of stalactites thickened along its sides; its minute 
losses lived, died, and became marble ; and, as age suc- 
seded age, the dark recesses in its roof were cheered by 
16 unerring affections of instinct ; and brood after brood, 
Mured with assiduous labor to maturity, went forth, some 
pan to return to their hereditary cells, some to take up 
M»r abodes with man. I need scarce say, that the rock, 
r white-backed dove, is the original of our domestic 
lecies. 

LINE OF CKOICABTT 8UT0R. 

We find that there leaned against one of the precipices 
r the Southern Sutor, now washed by the spring tides, a 
dus of loose debris, such as we see still leaning against 
le precipices of the old coast line, and that a calcareous 
>ring, dropping upon it from an upper ledge, had, in the 
^nrse of years, converted its apex into a hard breccia and 
smented it to the rook, while the base below remained 
ic6berent as at first. During this period it must have 
in beyond the sweep of the waves. But a change of 
ivel took place; the waves came dashing against the 
»o§e debris, and swept it away ; and all that now remains 
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of the talus is the consolidated apex, projecting aboni 
three feet from the rock. Under another precipice of the 
Cromarty Sutor we find a line of consolidated debris— 
which, like the breccia of the apex, most have been the 
work of a calcareous spring — running out about fiftj feet 
into the ebb, where it is altogether impossible it could 
have formed now. The spring must have flowed down- 
wards for these fifty feet ere it reached the sea; for do 
sooner could it have touched the latter than its waters 
would have been diffused and lost ; and, even could thej 
have avoided such diffusion, the waves must have pre- 
vented the loose gravel on which the calcareous matter 
acted from remaining sufficiently stationary for a angle 
tide. In each of these cases is the value of the evidence 
enhanced by the circumstances in which it is given. Both 
the talus and the brocciatcd line were formed on a basis 
of gigantic rock, so hard that it strikes fire with steel, and 
wliich only a general change of level conld have let down 
to the influence of the tide, or elevated over it. 



LE6S0X TO YOUNG GEOLOGISTS FROM CLAT-BED OF THE 

NORTUEKX SUTOR. 

• There is a stiff, blue clay much used in Cromarty and the 
neighborhood for rendering the bottom of ponds wate^ 
tight, and the foundations of cellars imper\'ious to the 
land-springs, and which, save for its greater tenacity, much 
resembles the blue boulder-clay of our Coal Measures. It 
is found in the ebb at half-tide, in a bed varying from 
eighteen inches to three feet in thickness, which overlies 
the red boulder-clay, and contains minute fragments of 
shells, too much broken to be distinguished. I had deemed 
it a sort of re-formation from strata of a grayish-colored 
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alnminous shale, which occur in the Old Red Sandstone, 
and are laid bare in the neighborhood by the sea. The 
waves dash against thera, and then roll back turbid with 
the ' lighter particles, to deposit these in the deep, still 
water outside. But in the place at present occupied by 
the bed the waves could not have deposited them ; it is so 
much exposed to the suri^ that the deposit is gradually 
wearing down under the friction, and it must have been 
formed, therefore, at a lower level, and when the sea beat 
against the ancient beaches. We find further proof that 
such must have been the case in a sofl stratum of gray, 
shaly sandstone, which rises through the bed, and which 
is thickly perforated by cells of the Pholas candiduSj con- 
taining in abundance the dead shells, but which has been 
elevated to a too high place to form any longer a fit habitat 
for the living animals. I had often examined the frag- 
mentary shells of this clayey layer, in the hope of being 
able to elicit from them somewhat regarding the history 
of a deposit older than our present coast line, yet newer 
than our boulder-clay ; but I had hitherto found them in 
every case too comminuted to yield the necessary evi- 
dence. I now succeeded, however, in detecting the same 
deposit under the Northern Sutor, in the same close neigh- 
borhood as on the Cromarty side to the gray aluminous 
shale of the Old Red Sandstone, to which it seems to have 
owed its origin, and abounding in organisms marine and 
terrestrial. All are recent. I found it containing cones 
of our common Scotch fir, hazel-nuts, fragments of alder 
and oak, shells of the common mussel much decomposed, 
and shells, too, of one of the Gaper family {Mym are- 
narid)^ still lying in pairs. The blue, adhesive clay in 
which they are embedded can scarce be distinguished 
from that of the Lower Lias of Eathie ; the sets of organ- 
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ill the two deponts are aho tlw aune, — indicatiiig 
thai their dqwaitioii niiist have taken plaoe under rimilar 
eoadituMM. The Liaa, like the recent elay, haa ita eoiw% 
ila hits of wood, and its marine biTalves lying in pain; 
and the sole difierenoe that obtainn between them ia^ tiiat 
while the eonesi and wood, and biTalYea of the bloe dsf 
are all existencea d the present time, the cones, and wood, 
and iNTalres of the lias represent daases of oiganic beiagi 
that have long aince passed into extinction. This clsf- 
bed of the Northern Sotor is one of the best places I knov 
Ibr the yoong geologist taking his first lesson npon. I 
deemed it d interest chiefly as conoboratiye of the &ci 
that oar raised beaches on the shores of the Cromsrtj 
and Moray Friths belong to exactly the present state of 
things; nay, that for a very inconsiderable period era 
their elevation, when the blue bed was forming in com- 
paratively deep water, both sea and land were stored with 
thdr exisUng productions. 

GLACIAL AFFEARAKCES AT MGO AND LOGIE. 

There are two several localities in which, after acquaint- 
ing one*9-self with the glacial moraines of Brora, one mvf 
examine with advantage the glacial mn^raines of the neigh* 
borhood of Cromarty. One of these we find in the parish 
of Logic, not a hundred yards distant firom the great 
coach road ; the other, in the parish of Nigg, on one of 
the slopes in which the lofty ridge, whose south-western 
termination forms the northern Sntor, sinks at its north- 
eastern boundary into the plain of Easter Ross. The 
Logic moraine extends, for fiill three-quarters of a mile, 
in a line parallel to the mountain range from which its 
glacier must have descended. There is a fiirzy level ia 
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front, mottled over with groups of cottages ; the moraine, 
— thickly planted with fir, and amid whose sheltering 
hollows the gipsies' tent may he seen in the warmer 
months, and the houseless Free Church congregation at 
this inclement season, — forms a long undulating ridge, 
in what a painter would term the middle ground of the 
landscape ; while on the swelling acclivities behind, over 
which the icy plane must have once extended, we see 
woods, and fields, and stately manor-houses, and, high 
above all, the heathy mountain ridge, where the sky 
seems resting on the land. I have not seen the rock laid 
bare in any part of the cultivated tract which intervenes 
between the moraine and the upland ridge ; but I enter- 
tain little doubt that its surface will be found to bear the 
characteristic groovings and polishings of the glacial period. 
The moraines of the Hill of Nigg, as might be premised 
from the lower elevation and narrower slopes of the em- 
inence from which their glacier descended, are of small 
extent, compared with the moraine of Logic. There is, 
however, one of the number, a beautiful grassy Tomhan, 
fiinged at the base with its thickets of dwarf-birch and 
hazel, that was deemed commanding enough in some 
early age, to be selected as the site of a hill-fort, still 
known to tradition as the Danish camp, and whose double 
mound of turf we may still see encircling the summit. It 
must have been a dreary period when the great glacier of 
Logic, sloping towards the south, and the lesser glacier 
of the hill of Nigg, sloping towards the north, saw them- 
selves reflected in the separating strait of sea which at 
this remote period flowed through the flat valley be- 
tween. The valley is still occupied for half its length by 
a sandy estuary, known as the Sands of Nigg, which, ere 
the upheaval of the higher beaches, must have existed as a 
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diaDov channel, through wUch the Ffith of Cromartj— 
then a doable-mouthed ann of the sea, with the hill of 
Xigg aa a mountainoua idand in the midst — oommoni" 
cated uith the Moray Frith beyond. 



rBEXCmCXA EXPLAVATORT OF ACCUXUULTIOKS OF SHELLS. 

There are scarce any of the appearances with which the 
f!eoli^i«i is conversant more mysterious than the immenie 
Mmunnlatioiis of shells which he occauonally finds, as is 
K«me pans of Sweden, separated from all extraneous mst- 
U9; a» if they had been subjected to some sifting prooeo, 
— c}ea»t>d. as it were, and laid by ; and it has long been 
a q305i5i>n wiih him how this sifting process had beei 
eft VIM. The thcorv that the accumulation had been 
b«:AT»o.i TIP bv creat tlixnls, throus^h which substances of 
T^?^ SiTftc six^-^ifio gravity wore huddled together, has been 
iW ^^^TnTr^.•r.'y accoi»TtHl one; but who ever saw a flood, 
y.',*^*fXor iZTx^-iU i:.r.t did not cast down its mud and its 
i-^I:} in..ri: it* trsns}»ortoti shells, or that had not mingled 
:> .«v :r :}:t r-T\xv:ss of removal, with its lighter gravels or 
::< s^:^.^. * In the flat estuarj- of Nigg, I have seen the 
k:^::*^ pTvxvss i-iffottsi through a simple but adequate 
i^r^.^^-y. F*^r aK>ut two miles from where the estuary 
vNtvris ir.:o :ho iV>marty Frith, its wide tnicts of yielding 
v.v.,i Aiv thiokS vvvapio^i by the sliells that lovo such lo- 
oA.':x^ — :r. osiHvJ:^, by the common cockle. Almost 
«^*r\ :i.;t\ vheu the animals are in season, furnishes its 
^.:>: v^UAr-tku-s t\^r the markets of the neighboring towns, 
xr. i s::" :he suvp^y kivps up ample as at first. Xow the 
trHots \^f sand whioh they inhabit, if not properly quick- 
s:inxK arv at least extremely loo^ee, especially when cov- 
ered by the tide; and though the creatures succeed, so 
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long as they live, in maintaining their proper place in t^iem 
within a few inches of the surface, no sooner do they die 
than the shells begin gradually to sink downwards through 
the unsolid mass, till, reaching, at the depth of about six 
feet, a firmer stratum, they there accumulate, and form a 
continuous bed. The work of accumulation has been going 
on for many centuries; generation after generation has 
been dying, to undergo this process of burial, — this pro- 
cess of subarenaceous deposition, if I may so speak ; and 
there are places in the estuary in which the shelly stratum 
has risen to within a foot or two of the surface. It forms 
a sort of quarry of shells ; and when, about thirty years 
ago, there was a lime-work established in the neighbor- 
hood, many thousand cartloads were dug out and burnt 
into lime. I had frequent occasion, some five or six years 
since, to pass through the estuary at seasons when the 
mere amateur would have perhaps staid at home. There 
runs through it a stream of fresh water, that drains the flat 
fields and scattered lochaus of Easter Ross ; and on one 
of my winter journeys, after a sudden thaw, accompanied 
by heavy rains, I found the stream swollen to the size of a 
considerable river, and its bed excavated beneath the usual 
level some three or four feet, with the sectional line of 
sand and shells through which it had cut standing up over 
it like a wall. There was first, reckoning downwards, from 
a foot to eighteen inches of pure sand ; and next, from two 
feet to two feet and a half of dead shells. The sandy 
tract all around, for many hundred acres in extent, used 
to be partially covered with water ; every furrow of the 
ripples, and every depression of the sui-face, borrowed its 
full from the receding tide, ami, from the general flatness, 
retained it till its return. But on this occasion, the sur- 
fiice-water had found an unwonted drainage, through the 
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upiij^t Motional fironti into the newly ezoi¥ated bed of 
the ftiream. It sank through -the upper arenaoeooa layer 
as through a filtering atone, and then came roahing tfaroi^ 
the atratum of sheila underneath, brown with the sand 
which it swept from their interstices. Nor could there be 
a completer nfting process. For yards and roods together 
the shells were as thoroughly divested of the sandy ma- 
trix in which they had lain as if they had been caieliilly 
washed in a ricTe. I was bold enough to infer from the 
phenomenon at the time, that the problem of the unmixed 
accumulation of shells may be, in at least some cases, not 
so difficult of solution as has been hitherto supposed. One 
has but to take for granted conditions such as those of the 
estuary of Nigg, — the incoherent bed, half a quicksand, 
and the subarenaceous deposition, — to account for their 
original production, and the superadded conditions of the 
surface-water and the free drainage, to account for their 
after clearance of extraneous matter. 

CAmON TO GEOLOGISTS ON THE FINDING OF BEXAINS. 

In consolidated slopes it is not unusual to find remains, 
animal and vegetable, of no very remote antiquity. I 
have seen a human skull dug out of the reclining base of 
a clay bank, once a precipice, fiilly six feet from under the 
surface. It might have been deemed, not without a de- 
gree of plausibility, the skull of some long-lived contem- 
porary of Enoch, — perchance that of one of the accursed 
race, 

" Who sinned and died before the arenginfi^ flood." 

Nay, a fine theory was in the act of being formed reirard- 
ing it, which afiTected the whole deposit; but, alas! the 
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laborer dug a little further, and struck his pickaxe against 
an old Gothic rybat, that lay deeper still. There could be 
no mistaking the character of the champfered edge that 
still bore the marks of the tool, nor that of the square per- 
foration for the lock-bolt ; and the rising theory straight- 
way stumbled against it and fell. Both rybat and skull 
had come from an ancient burying-ground, situated on a 
projecting angle of the table, and above. 

REMABKS ON UNDEBLTING CLAY ON LEVEL MOOBS. 

On level moors, where the rain-water stagnates in pools, 
and a thin layer of mossy soil produces a scanty covenng 
of heath, we find the underlying clay streaked and spotted 
with patches of white. As in the spots and streaks of the 
Red Sandstone formations. Old and New, the coloring 
matter has, been discharged without any accompanying 
change having taken place in the mechanical structure of 
the substance which it pervaded; for we find the same 
mixture of arenaceous and aluminous particles in the white 
as in the red portions. And the stagnant water above, 
acidulated, perhaps, by its various vegetable solutions, 
seems to have been in some way connected with these ap- 
pearances. In almost every case in which a crack through 
the clay gives access to the oozing moisture, we find the 
sides bleached, for several feet downwards, to nearly the 
color of pipe-clay ; we find the surface, too, when divested 
of the soil, presenting for yards together the appearance 
of sheets of half-bleached linen. Now, the peculiar chem- 
istry through which these changes are effected might be 
found to throw much light on similar phenomena in the 
older formations. . Tliere are quan*ies in the New Red 
Sandstone in which almost every mass of stone presents 
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a different shade of color from that of its neighboring 
mass, and quarries in the Old Red, whose strata we find 
streaked and spotted like pieces of calico. And their 
variegated aspect seems to have been commanicated la 
every instance, not during deposition, nor after they had 
been hardened into stone, but when, like the boulder-clay, 
they had existed in an intermediate state. 

TEA YELLED BOULDEBS NOT ASSOCLATED WITH CLAT. 

All the travelled boulders of the north do not seem asso- 
ciated with the clay. We find them occurring, in some in- 
stances, in an overlying gravel, and in some instances rest- 
ing at high levels on the bare rock. I have seen, on the 
hill of J^t/nshy — a lofty eminence of the Lower Old Red 
M'hich overlooks the upper part of the Cromarty Fritli, — a 
boulder of an exceedingly beautiful, sparkling hornblende, 
reposing on a stratum of yellow sandstone, fully a thous:md 
foet over the sea, where there is not a particle of the clay 
in sight. We find these travellers furnishing specimens of 
almost all the primary rocks of the country, — its gneisses, 
schistose and granitic, its granites, red, white, and gray, 
its homblendic and micaceous schists, and occasionally, 
though more rarely, its traps. The stone most abundant 
among them, and which is found occurring in the laigest 
masses, is a well-marked granitic gneiss, in which the 
(juartz is white, and the feldspar of a pink color, and in 
which the mica, intensely black, exists in oblong accumu- 
lations, ranged along the line of stratification in inter- 
rupted layers. No rock of the same kind is to be found 
in situ nearer than thirty miles. We find granitic boul- 
ders of vast size abundant in the neiorhborhood of Tain, 
especially where the coach-road passes towards the west 
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tlirongh a piece of barren moor, and on the range of sea- 
beach below. One enormous block, of a form somewhat 
approaching the cubical, is large enough, and "Seems solid 
enough, to admit of being hewn into the pedestal of some 
colossal statue ; but instead of being thus appropriated to 
form part of a monument, it has lately been converted of 
itself into a whole monument. When I last passed the 
way, I found it dedicated, in an inscription of nine-inch 
letters, ** to the memory of the immortal ScottJ* Kature 
had dedicated it to the memory of one of her great revo- 
lutions ages before; but since the dedicator had deter- 
mined on adding, in Highland fashion, a stone to the cairn 
of Sir Walter, it would certainly have been no easy mat- 
ter to have added to it a nobler one. 

GRAl^mC GNEISS AND SANDSTONE, WITH THE CONDITIONS OF 

THEIK UPHEAVAL. 

On entering on the granitic rock, we find the strata, 
strangely disturbed and contorted, lying, in the course of 
a few yards, in almost every angle, and dipping in almost 
every direction. And not only must there have been a 
complexity of character in the disturbing forces, but the 
rock on which they acted must have been singularly sus- 
ceptible of being distui-bed. The strata of the sandstone 
were, at the period of their upheaval, the same brittle, 
rigid plates of solid stone that they are now. The strata 
of the granitic gneiss were characterized, on the contrary, 
during their earlier periods of disturbance, by a yielding 
flexibility. They were capable of being bent into hharp 
angles without breaking. We see them running in zig- 
zag lines along the precipices, now striking downwards, 
now ascending upwards, now curved, like a relaxed Indian 
bow, in one direction, now curved in a contrary one, like 
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-n- r:- - -.-T T-jr^ Tiil'^ Item Tbe fsnta of the sand- 
? -. !-. - c-as— "< «aiK^ mid TULTftlieL existed in a 

-:.:.- - -rz.... -.- - '■■•_:. ir- eniier riused in any given 
^_ - 1 :." -u':iur i-'^r*^ ^frint: rioleni and partial, 

I- W-: ■-:■ ^.- •— ■ -.'^1. T-iavtTvai- iht crsnitic strata ex- 
r-.-- 11 i.r f"..;.!.- : i^:- s^^uiit i::i*s«-T>5a}t-s Lroaght to a 
f^'.: '*'••. -!-_-:; j: l rtii;;4iii-- irtiiL iLelr extreme flexi- 
■l.'- i ;•-.:::£ '*-_'ir u: .. 'r-irMeL ir Lijv dirtrction. We 
i.: - - ■ . ii^r -j.-r-* • .'ii- i .:-:-.;» Miiiil jtLi^-Le* in which the 
--: — .r ■-!•* •rr-.itn*:-:".- >i i.; " t in-t^ Tog-eiLer obliterated. 
"^t :-ia T^ait *-ji: ^rru'ii. viu n ii:i iisuiiL-iiiess on eveiy 
•: i^ .: -i»f?t :•;- ii.:-ri jr l ^— hitilI clri^'nration of the 
I..i-r»- 1:1 : V- s-.t xi.iT vir s r—iULir £T:e:>> in one square 
•. i*: ,: .'.'.'i: til-".:.: :i? ; :■ •:: :.ij:-: 1 rr.>3tr. 00:1s mass in 
li.T :.-:r*. TiT tfv " :r : L;i " " :l_: »':.:. 1. -iTouM bi: pro- 
«iiiri-ii ir* -.'■.r: It :"-.•: - :j:-.-^ - r. 7 ."„^<:r..::.n, were the 
li*t:it k«:j't up --:.".. :■ —. :t ■ ::-.-.. '-.-:•- ^'-'* run; an'l 
tJiir <"ircuni.«tiiri'.e -^ r.-^ : : ::' '"' '...:.: ■. r: svKie of the 
oilier phonoinena oi •.:■:• .t-- >■*- T_z ^: r.-:. ;ii its average 
Hjn'ciiiieiis, is a ttrnnry. o.L*>:.r.j ::' rv 1 K-*..ispnr, white 
(juartz, ami a diiigy-c-uiurei LL-icii V".:: :. • ono. Uf.»twith- 
htfiiMliii;^, could ini>tako it for i truo jjrr.ii::^-. It has its 
paiiite nfins^ however; and tluse ••?/'.,*. inily siu-li in 
Homo c.'LSi-s, are, in not a few others, mere strata of the 
gneiss, which have evidently been formed into granite 
where they lie. There are no marks of injection, — no 
accompanying disturbance. All their conditions, with the 
excef)tion of their being true granites, are exactly those 
of the layers which repose over and under them. Now, 
the homogeneous patches serve, as I have said, to throw 
light on th« secret of the formation of these. In one im- 
portant respect the granitic rocks differ wi<lely among 
tliiaHkui. Some of them contain potass and soda in 
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snch large proportions, and have such a tendency to dis- 
integrate, in consequence, that they furnish much less 
durable materials for building than the better sandstones ; 
while others, of an almost indestructible quality, are devoid 
of these salts altogether. Potass and soda form powerful 
fluxes ; and it seems at least natural to infer that, should 
wide tracts of granitic rock be exposed to an intense but 
equable heat, the portions of the mass in which the fluxes 
exist in large proportions must pass into a much higher 
state of fluidity than the portions in which they are less 
abundant, or which are altogether devoid of them. Single 
strata and detached masses might thus come to be in the 
state of extremest fusion of which their substance was 
capable, and all their particles, disengaged, might be enter- 
ing freely into the combinations peculiar to the plutonio 
rocks, when all around them continued to bear the semi- 
chemical, semi-mechanical characteristics of the metamor- 
phio ones. Hence it is possibly the origin of some of 
those granite veins, open above, and terminating below in 
wedge-like points, which have so puzzled the Huttonians 
of a former age, and which have been so triumphantly 
referred to by their opponents as evidences that the granite 
had been precipitated by some aqueous solution. 

SEFTARIA, OR CEMlSrr-STOKES OF THE UAS. 

Observe these nodular masses of pale, blue limestone, 
that seem as if they had cracked in some drying process, 
and had afterwards the cracks carefully filled up with a 
light-colored cement. The flaws are occupied by a rich 
calcareous spar; and in the centre of each mass we find, 
in most instances, a large ill-preserved Ammonite, which 
has also its spar-filled cracks and fissures, ns if it, too, had 



K? i^EscKirnTE sketches from 

"»'i :ir-«r a«:sT>^^er l»y the process wliich had rent the sur- 
rt*uv iiiir HiM- L Thi-se mxlular massett arc the eharao- 
^t'-^-:^ * »»'•..•-• 7 K'T cc-mentstoiies of the Lias, bo much 
Tfc*f ii I-i'i':::i! '. f-r making a hanl, enduring mortar, that 
ii:fr :ii* : i;:.::tt ,•:" ?<-:iin:j underwater. Their bluish-ool- 
.■•"••i :• I-:.? •:;* Lrt s: IriTselv chanretl with the anrillaceons 
Hi:.::*-: .•:' ":':'t >.'^ :r. whit-h thev occur, and contain, be- 
«:Jt«*w <: :■ •!;>. itrf/r/r a mixture of iron, that, refusing to 
sCiAr l.ki r- •ZLzii'i-z: ::niv, thev have to be crushed, after 
cil.-irii::- I-. Vv nji-^r.^riiv^-il moans: while the fossil in the 
OtLtTV- iT: i 'i.t 9*nii-irin>i»an:*nt spar of the cnicks, are 

c.'xr.i-»soi K'f r^L\UT T-rtlr calcareous. And from this 

• • • 

jieciiliar mixiurv :Lv ct-mrni sovms to derive those setting 
qualities wLi^L n:: *tr ;: of such value. 

AMM<'.NrrE> iT TIIE NOKTilEIIN LIAS. 

The Ammonitt^s of llie u] ror bcils of the Lias approach 

more to the typo of the AhttHOttit'. commtoiis, l>eing com- 

j)aratively flat when vieweil section.illy, and having the 

whorls broadly visible, as in the Ionic volute ; while tlie 

Ammonites of the lower beds approach in type to the^-lwi- 

7nonite /ttf€roj*At/l/uSy — each succeeding whorl covering so 

largely the whorl inmierliately under it, that the sj)ir:il line 

seems restricted to a minute hollow in the centre, scarce 

equal in extent, in some specimens, to the twentieth part 

of the entire area. In other words, the Ammonites of the 

Upper Lias in this deposit represent, as a group, the true 

ammonite type; while in the Lower Lias they aj)proach 

more nearly, as a group, to the tyf)C of the nautilus. And 

not only are they massier in form, but also absolutely larger 

in size. I have found Ammonites in the more ponderous 

sep^^^at fully doubled in bulk any I ever saw in the 
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tipper shales. We occasionally find nodules that, having 
formed in the outer rings of these larger shells, somewhat 
resemble the rims of wheels, — in some cases, wheels of 
not yery diminutive size. 

fiELEMNITES OF THE KOBTHERN UAS. 

We find the Belemnitcs of the lower deposit, like its 
Ammonites, of a bulkier form than those of the upper 
beds. The JBelemnites abhrevicUus and dongatxis^ both 
large, massy species, especially the former, are of common 
occurrence ; while those most abundant in the upper beds 
are the JBeiemnites longisaxmus and penicillatus^ both ex- 
ceedingly slim species. It is worthy of remark, that Sir 
K. Murchison, in his list of fossils peculiar to the Lias as 
developed in the midland counties of England, specifies 
the JBelemnites penicillatus as characteristic of its upper, 
and the JSelemnites abbreviatus and elongatus of its lower 
division. 

CUTTLE-FISH. 

Is the reader acquainted with at once the largest and 
most curious of British Mollusca, — the cuttle-fish, — a 
creature which stands confessedly at the head of the great 
natural division to which it belongs? Independently of 
its intrinsic interest to the naturalist, it bears for the com- 
mentator and the man of letters an interest of an extrinsic 
and reflected kind. No other mollusc occupies so prom- 
inent a place in our literature. It is furnished with an 
ink-bag, from which, when pursued by an enemy, it ejects 
a dingy carbonaceous fluid, that darkens the water for 
yards around, and then escapes in the cloud, — like some 
Homeric hero worsted by his antagonist, but favored by 

30 
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with a canoe. But nowhere does the krakcn of Norway 
look half so imposing or half so poetical as in Milton. In 
palpable reference to the old bishop's ^largest animal in 
creation," we find the poet describing, in one of his finest 
similes,'— 

" That sea-beast. 
Leviathan, which God of all his works 
Created hugcst that swim the ocean stream : 
Illm, haply slumb'rinf; on the Norway foam, ^ 
The pilot of some small night-foundered skiff. 
Deeming some island, oft, as seamen tell, 
With flxcd anchor in his scaly rind 
Moors by liis side under the lee, while nij^ht 
Invests the sea, and wished mom delays." 

. The existing cuttle-fish of our seas, though vastly less 
imposing in its proportions than the krakcn of Norway, is, 
as I have said, a very curious animal, — constituting, as it 
does, that highest link among Mollusca, in which creatures 
withont a true back-bone or a true brain approach nearest, 
in completeness of structure and the sagacity of their 
instincts, to the vertebrata. All my readers on the sca- 
tooast, especially such of them as live near sandy bays, or 
in the neighborhood of salmon-fishings, must have fre- 
quently seen the species most abundant in our seas, — the 
common loligo or 8trollach {Loligo vulgaris); and almost 
all of them must have the recollection of having regarded 
it^ when they first stumbled upon it in some solitary walk, 
as an extraordinary monster, worthy of the fii*st place in a 
mnseum. ^The cuttle-fish,'* says Kirby, in his Bridge water 
Treatise, **i8 one of the most wonderful works of the Cre- 
ator." We have no creature at all approaching it in size, 
that departs so widely from the familiar, e very-day tyi)e 

of animal life, whether developed on the laud or in the 
•water. 
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A man buried to the neck in a sack, and prepared for 
such a race as Tennent describes in hb ** Anster Fair," is 
an exceedingly strange-looking animal, but not half so 
strange-looking as a strolkich. Let us just try to improve 
him into one, and give, in this way, some idea of the ani- 
mal to those unacquainted with it. First, then, the sack 
must be brouglit to a point at the bottom, as if the legs 
were sewed up tightly together, and the comers left pro- 
jecting so as to form two flabby fins ; and further, the sack 
must be a sack of pink, thickly speckled with red, and tol- 
erably open at the other end, where the neck and head 
protrude. So much for the changes on the sack ; but the 
changes on the parts that rise out of the sack must be of 
a much more extraordinary character. We must first ob- 
litenite the fiice^ and then, fixing on the crown of the liead 
a large beak of black horn, crooked as that of the parrot, 
wo must remove the mouth to the opening between the 
mandibles. Around the broad base of the beak must we 
insert a circular ring of brain, as if this part of the animal 
had no other vocation than to take care of the mouth and 
its pertinents; and around the circular brain must we 
phint^ as if on the coronal ring of the head, no fewer than 
ten long arms, each furnished with double rows of concave 
suckerss th.*it resemble cups arranged on the plane of a nar- 
n^w table. The tout en^femble must serve to remind one 
of the head of si>me Indian chief bearing a crown of tall 
fcaihon?; and directly below the crown, where the cheeks, 
or mher the ears, had been, we must fix two immense 
fT^ hog^ enough to oct^upy what had been the whole 
^iw of the fiice. Though the brain of an ordinary-sized 
fci%0 be scarcely lanrer than a ring for the little finger, its 
•re scarcely smaller than those of an ox. To com- 
.fish, we must insist, as a condition, that. 
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when in motion, the metamorphosed sack-racer must either 
walk head downwards on his arms, or glide, like a boy de- 
scending an inclined plane on ice, feet foremost, with the 
point of his sack first, and his beak and arms last ; or, in 
other words, that, reversing every ordinary circumstance 
of volantary motion, he must make a snout or cut-water 
of his feet, and a long trailing tail of his arms and head. 
The cuttle-fish, when walking, always walks with its mouth 
nearer the earth than any other part of either head or 
body, and when swimming, always follows its tail, instead 
of being followed by it. 

This last curious condition, though doubtless, on the 
whole, the best adapted to the conformation and instincts 
of the creature, oflcn proves fatal to it, especially in calm 
weather and quiet inland friths, when not a ripple breaks 
upon the shore, to warn that the shore is near. An enemy 
appears ; the creature ejects its cloud of ink, like a sharp- 
shooter discharging his rifie ere he retreats; and then, 
darting away tail foremost under the cover, it grounds 
itself high upon the beach, and perishes there. Few men 
have walked much along the shores of a sheltered bay 
without witnessing a catastrophe of this kind. The last 
loligo I saw strand itself in this way, was a large and very 
vigorous animal. The day was extremely calm ; I heard 
t pecaliar sound, — a squelch^ if I may employ such a 
word, — and there^ a few yards away, was a loligo nearly 
two feet in length, high and dry upon the pebbles. I laid 
hold of it by the sheath or sack ; and the loligo, in turn, 
laid hold of the pebbles, just as I have seen a boy, when 
borne off against his will by a stronger than himself, grasp^ 
ing fiist to projecting door-posts and furniture. The peb- 
Wes were hard, smooth, and heavy, but the creature raised 
them with ease, by twining its flexible arms around them, 
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is the yellow heart at the centre, and, lying altogether de- 
tached from it, two other darker-colored hearts at the 
sides! I cut a little deeper. TJiere was the gizzard-like 
stomach, filled with fragments of minute mussel and crsib- 
shells ; and there^ inserted in the spongy, conical, yellow- 
ish-colored liver, and somewhat resembling in form a Flor- 
ence fiask, the ink-bag distended, with its deep dark sepidy 
— the identical pigment sold under that name in our color- 
shops, and so extensively used in landscape-drawing by 
the limner. I once saw a pool of water, within the cham- 
ber of a sahnon-wcar, darkened by this substance almost 
to the consistence of ink. Where the bottom was laid 
dry, some fifteen or twenty cuttle-fish lay dead, some of 
them green, some blue, some yellow ; for it is one of the 
characteristics of the creature that, in passing into a state 
of decomposition, it assumes a succession of brilliant col- 
ors ; but at one of the sides of the chamber, where there 
was a shallow pool, six or eight individuals, the sole sur- 
vivors of the shoal, still retained their original pink tint, 
freckled with red, and went darting about in panic terror 
within their narrow confines, emitting ink at almost every 
dart, until the whole pool had become a deep solution of 
«0pta. But I digress. 

I next laid open the huge eyes of the stranded cuttle- 
fish. They were curious organs, — more simple in their 
structure than those of any quadruped, or even any fish, 
with which I am acquainted, but well adapted, I doubt 
not, for the purpose of seeing. A camera-obscura may bo 
described as consisting of two paits, — a lens in front, and 
a darkened chamber behind; but in both the brute and 
human eye we find a third part added ; there is a lens in 
the middle, a darkened chamber behind, and a lighted 
chamber, or rather vestibule, in front. Now this lighted 



-^t^itatnut — lait Piraei — s irmtinc in tiie cje of the est- 
iJ4>j&tf^ Tiif: Jtaii> i» iiiift»i»c u. inaiL, mnd tbe darkened 
ciinuMs* tieij&a : ijk Mmfcrueskm a£ tbe ar^sn is that of 
a eonmiKK <aBiics!v<nMnrib. viu^nn aocist additiooaL I 
iaBbd fk-Js&eiLiiic ir<ru. j of itnnajiL loo. in tbe pecoliur 
Ft}le Ui wLkrh uie cajaxiiaeT it durkeDCtd. In the higher 
animals ii nuj !« described a» a ciuocber fanng with black 
Telret; xht pi^fntg^^t^am ttiprtcm videii €ic*Ters it is of deep- 
ed blad^; but in the cciiJe<-&^ it is a^c^iamber huDg 
triih T€^Tet, Dc< of a liiack. bat of a daik paij*le hae ; the 
jti^rnfefJ^OR fu^non is of a pTirftli^^-rbd ciolor. There is 
fi:«m»'LLin£r emoas in marking this^ as it were, first de- 
li u 'i -uf - frc'im an inraiuble coD«iition oit eres of the more 
i^.ritySt XTQCZ^cPi^ xnl in tbeiu tracking tLe peculiarity down- 
-viriif "»XTT*ii^ iln.';'>i ever^' shade of c*c»lor, to tbe emerald- 
Tiiii ^T-t-s^iti'iitf •:•: 'lire ^^e.^^vn. and the >till more mdimental 
^v^r tyi^tM^*' v-: '.i-r ?-"i--r-t>lj. After examining the eyes, 
I i»f 11 Ui-'i ccKT.. iL il: ::> jCDiith, from the neck to the 
■•♦.in" :■:" zix <^ck, the doi^al lK»De of the creature, — its 
n:.inial shell, I shoul<l rather sav. for bone it has none. 
Till* tiJ^rm of tlio shell in this sj»ecies is that of a feather 
te.jiAlIy dovelo|H'd in tlio web on l>oth sides. It gives 
niri'iitv to the bo^lv, and furnishes the muscles with a ful- 
crum; and we tind it eoinposed, like all other shells, of a 
mi\tun? of animal matter and carbonate of lime. In some 
of the ironera it is much more complicated and risrid than 
ill that to which the strollach Wlongs, consisting, instead 
of ♦>nt\ of numerous jilates, and in form somewhat resem- 
bling a tlat sludlop with its cai*go rising over the gunwale, 
or one of the valves of a pearl mussel occupied by the 
auimal. Is my description of this curious creature too 
IciijjL ihi? The young gi^ologist who sets himself to study 
the Oolitic and Cretaceous systems would be 
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all the better for knowing a great deal more regarding it 
than I have told him here. He will discover that at least 
one-half the molluscous remains of these deposits, their 
belemnites, ammonites, nautili, nummulites, baculites, ha- 
mites, lituites, turrilites, and scaphites, belonged to the 
great natural class — singularly rich in its extinct orders 
and genera, though comparatively poor in its existing 
ones — which we find represented by the cuttle-fish. 

CONGENEBS OF THE CUTTLE-FISH, BELEMNITES, ETC. 

Among its many extinct congeners, the order of the 
Belemnites was one of not the least curious. It has been 
remarked, that in the cuttle-fish, as we now find it, a 
greater number of distinct portions of the organiz^ition of 
creatures, belonging to widely-separated divisions of the 
animal kingdom, are to be seen united than in any other 
animal. Cut off its head immediately below the arms, and 
we have in the dissevered portion, with its ring of nerve, 
its central mouth, and its suckers, the true analogue* of a 
star-fish. The radiated zoophite lies before us. Some of 
its genera have their plated and jointed antennae placed 
above and below the eyes. The creature, so far as these 
organs give it a character, is no longer a zoophite, but an 
insect or crustacean. But then there is the soft sac, with 
its fin-like appendages, the internal shell, and the yellow 
transparent blood. These are unequivocal characteristics 
of the mollusc. Yes ; but then there is a horny beak, and 
there a muscular gizzard. It must have laid the bird under 
contribution for these. There is, besides, a true tongue, 
and an organ for hearing ; and, though one of the cham- 
bers be awanting, a singularly large and efficient eye. 
These organs are all borrowed from th^vertebrata. And 
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NmI laii) i-iitilil it Ml' in J lai. 1i»r»'iTif>F:. nu- Jx-oAi fii'.-i" ti'^> 

U iiiiln, llkf fiii|- ijii^Tiri;; ''li:; n -:•*]. I-Ji 1' C lii. :*;-■ r^i* 
IIm ll III llif MllJ;iii- t,i if,,. Wiil.'T. iilii t!:rri «:i ■•■:■:; ":i^ '*in 

n.- r.ill ot lliili lii« rrif/f .1.'. «: i. !'..!'• .iv/.r i.. : '■■ II". 

I^liiil. h(V«-i:il lA \\it- *\.<:'is ""TiL'T'lf V' «•" \l.- '■'"•. iT'7*. 
Miili iin llir AfifffitiHita A-*/ '. :;•■*. saii.p- ?::; i.;:- ii:.".lkt 
liii- id-ttiiihiir, or ii'' :iji.;i '•;.'•-*•■ . lin f'i;:in-i:-:. ::»•■• a*^ 

tllilll^lll■il Willi r.xt.i:llj:il >-}j«-ii-:. Tli'' :ir. siilit*?"' t:i I !t 

iifl own 111 I If li«>;i!, ulii'M.'i* tfi*. Jivi'.niiiiTt t::* : sa! i«r 
uiilii#iil ii ifo:il., hiii'h ;i K.ijjf-r \i< FriiLiklii av;:^ viri.. jiJ- 
iiiL' litiiix-ir ;i!. hi!l li-hjL'lli in iJh- w;.t« r. iii hijv: ikm . u: ii»t 
htiHiL' ol';in «li-v;iti-«J kitir linrin;; a srnrirt lire<'Zt. an.';. w::"l- 
o:jt i-ffiiit on JjI*? own p;ii!, w:i^ <Ir;*viii :*cT':^s^ i sniiill i:i£e 
bv th*' ir/i|i(i!Mori of l|j«r win*! ;i}»ov*.'. 

I h'iVi.- i'^Il in II I y \i*w- y\'\n'Vi- I wriic-, n An'S oci-HTaiJ 
'tti'.L r-r.'L'*.-? of *fMT S'l/lrh li<l<ninites of the IJ::s. 7i;ii.vi 
'. :; ei: L aii i N.-jr/rniz ::LMin-t th*/ wall, like niu.-kets in an 
ar'iivn". A ^♦.^.■'■rl•l ••lalf c-xljihits nmircs of our Scotch 
I>r'-r':.!ji:e!i of the Oolite. Kre rulvcrtinjr, however, to 
llvlr fiiccito ^iitJl-nL-nooj, — <lift(.-rc-nces wliioh their mode of 
It nrnders ajijuirent at a glance, — let me select 
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/^ 
for description an avcrnge specimen, as a t3rpe of the 

order. Here, then, is the JBelemnite dongatfiSy from the 
Upper Lias of Eathie. The architect gives the propor- 
tions of his columns by a scale of diameters. The height 
of the Tuscan column is equal to seven, that of the Doric 
to eight, that of the Ionic to nine, and that of the Corin- 
thian to ten diameters. In describing the proportions of 
the Belemnite, I shall borrow a hint from the architect, 
by making my scale one of diameter also ; fixing my 
calipers, not at the base of the shaft, but one-fourth of its 
entire length up. Let the reader imagine a small cylin- 
drical column of brown polished stone, diminishing from 
the base upwards for three-fourths of its height much in 
the same propoitions as one of the Grecian columns 
diminishes, and then in the remaining fourth suddenly 
sweeping to a point. Its length — eight inches in the 
present instance — is equal, like that of a Corinthian 
shaft, to ten of its diamctci-s. Within this solid column 
we find an internal cone rising from the common base, the 
whole of which it occupies, and terminating in the apex, 
at about one-third the height of the whole. It is dif- 
ferent in color and structure from the brown pointed 
shaft at which it is included. The shaft or column shows 
as if it had been formed, like a dipped candle, by repeated 
accessions to its outer surface ; whereas the internal cone 
shows that it has been formed by accessions to its base. 
The shaft seems to have grown as a tree grows, and ex- 
hibits its internal concentric rings crossed by lines radi- 
ating from the centre, just as the yearly rings of the tree 
are crossed by the medullary rays. The internal cone, on 
the contrary, was reared course after course, as a pjrramid 
is built of ashlar, — with this difference, however, that it 
was the terminal course of the apex, that was laid first> 
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Bat the Bclemnite, with its horny prolongation, was 
not merely a sort of stiffencr introduced into the body of 
the creature to give it rigidity, — as the seamstress intro- 
duces, for a similar purpose, bits of wire and whalebone 
into her pieces of dress, or as the pen exists in the stroU 
lack : the stony column, and its internal cone, constituted, 
besides, the sailing organs of the creature, — the cone 
forming its floating apparatus, and the column its ballast. 
The cone, as I have said, consists of a number of layers, 
ranged parallel to its base, like couraes of ashlar in a pyra- 
mid. We find each layer, when detached, exactly resem- 
bling a thick patent watch-glass, concave on its under, 
convex on its upper, surflice. Now, each of these formed, 
in its original state, not a solid mass, but a hollow, thinly 
partitioned chamber or story ; and, perforating the entire 
range of stories from apex to base, there was a cylindrical 
pipe, just as the reader must have seen the cylindrical 
case of a turnpike stair passing upwards through the 
stories of some ancient tower from bottom to top. And 
this pipe was the siphuncle or pump through which the 
creature regulated its specific gravity, and sank to the 
bottom or rose to the surface, just as it willed. Mr. J. S. 
Miller, well known for his labors among the Crinoidea, 
mentions, in his paper on Belemnites, an interesting ex- 
periment with regard to the cone. lie extracted it care- 
fully from one of his specimens, and then inserting in the 
hollow of the stony column which it had occupied, a cone 
of oiled paper filled with cotton, he placed the specimen 
in water, and found the buoyancy of the cone compensat- 
ing so completely for the density of the column, that the 
whole floated. Now, to demonstrate the use of the bnl- 
lasting column, let us imagine a sail raised over the cone, 
and the whole sent to sea in a high wind. Has the reader 
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occurred. Nor do I know that analogy is very directly 
opposed to the supposition that the column might have 
existed in the creature in its stony state. If two solid 
calcareous substances, quite as hard and dense as any 
fossil Belemnite, exist within the head of the recent cod 
and haddock, why might not one solid calcareous sub- 
stance have existed within the body of an extinct order 
of cuttle-fish ? 

I have found considerable difficulty in classing accord- 
ing to their species, the Belemnites of the Lias. I soon 
exhausted the species enumerated as peculiar to the for- 
mation by Miller, and found a great many others. They 
divide naturally into two well-marked families, ••— the 
specimens of a numerous family, that, like the Belemnite 
ehngcUuSy are broadest at the base, and diminish as they 
approach the apex, — while the specimens of a family con- 
siderably less numerous, like the Belemnite fusifomxis^ 
resemble spear-heads, in being broadest near the middle, 
and in diminishing toward both ends. In subdividing 
these great families, various principles of classification 
have been adopted. There are grooves, single in some 
species, double, and even triple, in others; extending 
from the apex downwards in some — extending from the 
base upwards in others ; and these have been regarded by 
Phillips — the geologist who has most thoroughly studied 
the subject — as constituting valuable characteristics not 
only of species, but of genera and formations. Miller 
took into account, as principles of classification, not only 
the general form, but even the comparative transparency 
or opacity, of the column, — marks selected in accordance 
with the belief that the column was originally the solid 
substance it is now. The order furnishes, doubtless, its 
various marks of specific arrangement. I have even found 
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1 dUcorilnnt nasemblnge of specimenB into 
FODps, the apceific iJonlity of wliidi, wLen thus 
I, is :it once verified by the eye. 
hi' rf^klcr, unless very thoroughly a geological one, 
<:'<' (>|>ii>ioii that I h.irc s.iid quite enough about 
iijiiiti'. I may, however, venture to add further, 
]4:k'i> in the geological scale Is nut without its in- 
^— The periods of the more ancient formations, from 
r Silurian to the older New Red Sandstone inclu- 
1 all paRsed away ere the order wiw called into ex- 
It then sprung into being nearly contemporano- 
f with the bird and the reptile ; anil, after existing by 
B during the Oolitic and Ci-etaccouH periods, passed 
) extinction when the ocean of the Chalk had ceased 
exist, and just as quadrupeds of the higher order were 
the eve of appearing on the stage, but had not yet ap- 
ired. Since the period in which it lived, though gco- 
^ically Biodern, the aurfhce of the earth muiit have wit- 
u'saed many strange revolutions. There have been Bcl- 
mnitet dng out of the sides of the Himalaya mountains, 
'erentcen thousand feet above the level of the sea, 

COPKOLITES OF THE LIAS. 

Large coprolites of peculiar appearance, some of them 
charged with fish-scales of the ganoid order, are tolerably 
abundant; and they l>elonged, I have little doubt, to sau- 
rinns. When bringing home with me, many years since, a 
irell-marltcd specimen, I overtook by the way an acquaint- 
ance who had p.issed a eonaiderable part of his life in 
Dutch Guiana. The thought did not at first occur to nie 
of submitting to him my specimen. As we walked on to- 
gether, he thrust his hand into his poeket to bring out hi* 
31* 
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loroe places they inclose the shale in slim, insulated strips, 
■8 a river incloses its islands ; in others they traverse it 
with minute veins connected with the larger masses, in the 
way in which granite is so often seen traversing gneiss ; in 
yet others the limestone in contact with them seems posi- 
tively altered; — the blue nodule has, at the line of junc- 
tion, its strip of crystalline white, and the shale assumes 
an indurated and veinous character; the dikes are, in 
abort, trap-dikes in every essential except one; but the 
wanting essential is of importance enough to constitute 
the problem in the case ; — they are not composed of trap. 
Some of our mineralogists have been a good deal puzzled 
by finding crystals of sandstone as regular in their planes 
and angles as if formed of any of the earths, or salts, or 
metals, whose law it is to build themselves up into little 
erections correctly mathematical in every point and line ; 
and they have read the mystery by supposing that these 
foindstone crystals are mere casts moulded in the cavities 
in which crystals had once existed. The puzzle of the 
Lias dikes is of an exactly similar kind: they are com- 
posed, not of an igneous rock, but of a hard, calcareous 
sandstone, undistinguishabic in hand-specimens from an 
uidurated sandstone of the Lower Oolite, which may be 
feand on the shore beneath Dunrobin, alternating with 
■hale-beds of the period of the Oxford clay. I succeeded 
in finding in it, on one occasion, a shell in the same state 
of keeping in which shells arc so oflen found in the rcscni- 
Uing rocks of Sutherland, but the species unluckily could 
not bo distinguished. A common microscope at once dc- 
teets the mechanical character of the mass ; and I have 
kamed that Dr. Fleming, after reducing a portion of it, 
lent him as an igneous rock, to its original sand, simply by 
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rabmeipng it in acid, expressed some litOe fear lest the 
fk*ni]er shoald not hare been quite '^ up to trap." 

The explanation of the phenomenon seems rather diffi- 
csilu There are instances in whidi what had once been 
tnp-dikes are found existing as mere empty fissures ; and 
other instances in which empty fissures have been filled up 
by aqueous deposition finom above. An instance of the 
one kind is adduced, as the reader may perhaps remember, 
in the *^ Elemenu " of Lyell, finom M'Culloch's "* Western 
Islands;" two contiguous dikes traversing sandstone in 
Skye are found existing to a considerable depth as mere 
hollow fissures. An instance of the other kind may be 
found, says M*Culloch, in a trap-rock in Mull, which is 
trnvorsed by a dike that, among its other miscellane- 
ous contents, incloses the trunk of a tree, converted into 
brv^wn li^ite. In coses of the first kiixl, the original dike, 
ooui|K)sed ot a substance less suited to resist the action 
of the weather than the containing rock, has mouldereil 
awav. and let) the vent from which it issued a mere hollow 
mould, in which the semblance of a dike might be cast^ 
just as the decay and disappearance of the real cr}'stal is 
supposed to have furnished a mould for the formation of 
t];e s;indstone one. In cases of the second kind, we see 
the fictitious dike actually exbting; it is the sandstone 
cryst:d moulded and consolidated, and, in short, ready for 
the museum. And we have but to suppose the conditions 
of the two chisses of dikes united, — we have but to sup- 
pose that the hollow filled by the aqueous deposition had 
been previously filled by an igneous injection, — in order 
to account for all the phenomena of an igneous dike ac- 
companying a merely aqueous one. We can scarce account 
in this way, however, for the formation of the dikes at 
(ing that the shale in which they are included is 
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of 80 soft and decaying a character, that no igneous rock 
could of possibility be more so ; nor, even were the case 
otherwise, could the upper portion of the dykes have exis- 
ted as open chasms during the period in which the process 
of decay would have been taking place in the depths be- 
low. They would have infiillibly filled up with the frag- 
ments detached from the sides and edges. 

Mr. Strickland, in a paper on the subject in the *' Trans- 
actions of the London Geological Society," states the 
problem very strongly. "The substance of these dikes is 
such," he says, "^ that it is impossible to refer them to a 
purely igneous origin ; " and yet, however much " it may 
resemble an aqueous product," it is as impossible to doubt 
that the dikes themselves are genuine "intrusive 'dikes 
penetrating the Lias shale in all directions." He adds 
further, as his ultimate conclusion in the matter, that the 
** sedimentary structure of the rock forbids us to refer it to 
igneous injection from below;" and that, " notwithstand- 
ing the complete resemblance of these intrusive masses to 
ordinary plutonic dikes, we have no resource left but to 
refer them to aqueous deposition, filling up fissures which 
had been previously formed in the Lias." There is a pecu- 
liar rock in the neighborhood, which throws, I am of opin- 
ion, very considerable light on their origin. It is what 
may be termed a syenitic gneiss, abounding in minute 
crystals of hornblende, that impart to it a greenish hue ; 
and in one place we find it upheaved so directly among 
the Lias beds, that it breaks their continuity. It raised 
them so high on its back, that the denuding agencies laid 
the back bare by sweeping them away. Let us but imag- 
ine that this disturbing rock began to rise under the ear- 
lier impulsions of the elevating agencies, and during the 
deposition of some one of the later secondary formations, 



m tbe fUMi— if Ae gmitie nage, — that the super- 
ineambeot liw, alraad j taaming la iu preaem eouoydated 
ttttu ujvuad mo jwKvng joiiii ind fisnca orer it| m 
the earth ttftmtd m Cabhria ianmg the great eaithqiuki^ 
-^aad thai the looee aiBd aad oIovboiib matter whidi 
fivmed the ■lihiwifn at the tmie, borae downwards bj 
the mshini: waseE, aaddenhr fiOed i^ theie rents, ere the 
yielding vatnx had tnae to kwe aaj of ha steepness of 
aide or shaipness of edge, whidi s oonld not hare &iled 
to have dene had ihe prooeas heea a slow one. The sud- 
aunie d&es, iffiaKnthr Oofiiac. msA, it is probable, the 
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TTf find amonir the earliea bivalves of tbe Silorian Svs- 
u*m tbe deli»iie Terebratnla. witb its pnnctared ambone; 
wt liilJt'W it dc'wnwardftbrongb all tbe various formations, 
uni see it ar»j«eJUTOg on each succeding stage, specifically 
Ti:v. TiDi rraerically old. tmtiL quitting the rocks with 
: r»f -ir Sraa 7Ymain& we pass to tbe exiting testacea of our 
ft:'i:N. iftZ>a find among tbem tbe ancient Terebratnla still 
t\^iji » a I'iving sbelL Contemporary as a genns with 
f >*:•-« ^vunrs il^nn of animal lift*, we find it contemjtonirT 
^ uT aheiaia of C9«at«td beings also. — contemporary with 

the Terehnuala is bat one existence of a 
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class to which, though their generic antiquity may be 
rather less remote, nearly the same remark applies. The 
ostrea still exists, — its congener and contemporary, the 
gryphsBa, has perished; the nautilus survives, — its congener 
and contemporary, the ammonite, is long since dead ; the 
cuttle-fish abounds on our shores, — its congener and con- 
temporary, the belemnite, is to be found in only our rocks. 
And thus the list runs on. We can scarce glance over a 
group of fossils, whatever its age, which we do not find 
divisible into two classes of types, — the types which still 
remain, and the t^'pes which have disappeared. But why 
the one set of forms should have been so repeatedly called 
into being, and why the other set should have been suf- 
fered to become obsolete, we cannot so much as surmise. 
Why, it may be asked, should the nautilus continue to 
exist, and yet the ammonite have ceased with the ocean 
that deposited the Chalk ? or why should we have cuttle- 
fish in such abundance, and yet no belemnites? or why 
should not the gryphroa have been reproduced in every 
succeeding period with the oyster? In visiting some old 
&mily library, that has received no accessions to its cata- 
logue for perhaps more than a century, one is interested in 
marking its more vivacious classes of works, — its Specta- 
tors, and Robinson Crusoes, and Shakspeares, and Pilgrim's 
Progresses, — in their first, or at least earlier editions, 
ranged side by side with obsolete, long-forgotten volumes, 
their contemporaries, that died on their first appearance, 
and with whose unfamiliar titles one cannot connect a sin- 
gle association. But it is always easy to say why, in the 
race of editions, the one class should have been arrested 
at the very starting post, and why the other should have 
gone down to be contemporary with every after produc- 
tion of authorship, until the cultivation of letters shall 
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lure oeawiL It k odienriR. t u w u i Li, ^wili! 
He finds be has ezaetlT the mnmr man of :&fa -tz> deMi 
— an immeniie mahapliestion of editianK»,.iB "flie ov ti 
tome particnlar tjpe of 'firii. or plant, or ^ittlL anfl. is ^ 
case of other tvpes. no after instanew of nh^vnibfica&niiz Vil 
he findi himBelf arhoDr nuibie tc» hrr hold of anj a ' fljuj 
canon throng arhidi to determine why "tibe one das «f 
types fibotild have been so often n>»pnbikiied. or "die oAcr 
io peremptoiil J suppressed. And yet. wen* all ^die arcm- 
Btances known, it is posoble that wime vatAi camoD imdft 
be found to exist Geologr is ftiS in itt io&nnr. SksS a 
dav ever arrive vhen, in a state cf fuD maxnntx. ix wiQ Ic 
able to appeal to its fixed eancni&, and to rbv ^vrirv one cer- 
tain t vfie of existence was fitted for bm ctnf- d€&rx4> f:U9 
in the progress of thingfs and fr(»me c*tlier oerunc :tj< 
fitte^l, by a [>eculiar calbolicity •■f a-Urj.Tuij;*!^ f:«r e-rcr 
sacceeding period? 

HE DAVID BKEWSTEB OX TUE CTTTLE-n^H AXI^ Ti n tii\ ni L 

The fjUowlns discovert' of Sir David Brewster, resar^ 
ing a marke>i {•ecalianty of straciure in tbt: eye of the 
cnule-fis^h. now first ni.iile public, will l»e deemed of great 
interest bv all who have learned to admire that inconceiv- 

m 

ablf variety of desiirn in the wori^s of the Infinite Mind 
wLioh grows upon the inquirer the more he examines, and 
wLich. if man were not immortaL it would be an error of 
Lis very natore to have the strong existing desire to exam- 
ine: 

St. Leonard's CoH^Sf . St. Andmrs. 

Mt Deas Sis. — I have been reading, with grreat pleas- 
nre, your interesting account of the cuttle-fish, and was 
.that jon had noticed the singular stroctore of 
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its eye. During the last twenty years I have dissected lit- 
erally hundreds of cuttle-fish eyes, but I never published 
my observations on them, in consequence of having found 
singular discrepancies in the eyes of different species, and 
having been always expecting from America the eyes of 
the remarkable varieties which occur there, and which 
have been repeatedly promised me by American natur- 
alists. 

As you will take a great interest in the subject, I shall 
endeavor to give you some idea of what I have done. 

Independent of the peculiarity wliich you have noticed, 
of there being no aqueous chamber between the cornea and 
the lens^ there is no iris and no pupily the quantity of light 
admitted being regulated by the eydida. 

The lens itself is of a most singular description. It con- 
sists of two lenses sticking together, and capable of being 
separated without injuring either. This structure is unique. 
The lens D A E C consists of two, D A 
£, and a meniscus, mC n^ which is kept 
dose to D A C by a double cartilagin- 
ous ring, D E. The dimensions are D 
E = 0-51 inch, A C = 0-433 inch, A B 
= 0-3433 inch, B C = 009 inch ; m n 
= 0*333 inch. The outer diameter of the front ring, D F, 
is = 0'59 inch, and its inner diameter = 0*31 inch. 

In some indurated lenses I find the lens C to be doubly 
convex^ and the surface of the lens D E A, on which it 
rests, concave. This must have been the lens of a differ- 
ent species. 

The fibrous structure of the lens is very remarkable. 
The laminae, or coats, of the lens are parallel to D A E 
and m C n; and the fibres of the lens DAE diverge from 
A as a pole, like the meridians of a globe ; and they all 
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THEORY OF THE OCEAN'S LEVEL, 



AS AFFECTED BY THE BISING OR SINKING OF TIIE LAND. 



The mean level of the sea cannot be regarded as a fixed 
line, unless, during the geologic changes of the past, it lias 
invariably maintained the same distance from the earth's 
centre. If the earth, in consequence of the expansive 
influence of a vastly higher temperature than that which 
in the present era it possesses, was once greatly bulkier 
than it is now, the line, in proportion to the bulk, would 
be farther removed than it is now from tlie centre. The 
■ea would stand greatly higher than at its present line. 
And who that has surveyed the contortions, the bends, the 
inflections, the ever-recurring rises and fiills, of the more 
ancient stratified rocks, such as our Scot<;h grauwacke for 
instance, — bends and inflections that forcibly remind the 
geologist of the foldings of a loose robe, grown greatly 
too large for the shrunken body which it covers, — or that 
has weighed the yet farther evidence furnished by the 
carboniferous vegetation, extra-tropical in chfiractcr even 
in Greenland, — who, I say, that has considered this evi- 
dence will venture to decide that the earth's temperature 
was not higher, nor the earth's raflius greater, in the <lays 
of the Silurian period, or of the Coal Measures, than it is 
now ? And, of course, if the earth's radius was greater. 



tke krd fine of the ma mast have ilood higher, — Tiidy 
k^^hcr, h seems not impoMiUe, than the line now toadied 
hr the mninits of onr hi^iesi momitwia. Had there 
been a graduated pole of adamant, equal m length to the 
radini of the globe^ plaeed in that oeean of the Silnriaa 
|icnod in which onr Sooteh graptofitea liTed,-»n pole with 
iu lower end fixed immoTably at the eaith^i eentre^ and 
ita npper end kTel with the medium aozfiioe of the aea, — 
wheie« I marrd, wonld that iq»per end be now? Hi^ I 
m yect in the donda; nay, in an attenuated atmoqiherep 
to whirii dond nercr now aaeenda» The graduated nuufc- 
ings of the pole, infieatofj not merely of how the Hde^ 
but alfo of how the land; ka&JbBem, would, I doobi not» 
be found more conveniently summaWe in leagues than in 
iithonuw 

Bat even setting aside all this as &idfiil and extraTa- 
g:uiu — even taking it as a given £ict (what) I suspect, is 
no f.ict at all) that the earth^s bulk has not very materiaUy 
alterv\l. the line of the sea-level may have, notwithstand- 
ing« be^n considerably affected simply by the rise of the 
lan^L It is estimated that about one-fourth part of the sur- 
£io? of the globe is occupied, according to the present 
distribution of oceans and continents, by land, and the 
ivmaining three-fourths by water; or, more correctly, that 
the land is as one, and the water as 2.7& Let us suj^KMe 
this fourth part of land anniAiic^^ to the mean depth of 
the oc^an. Of course, the effect would be, that the ocean, 
having then to cover four parts, instead of three, would 
sink, all over the globe, exactly one-fourth part of its mean 
depth. If the mean depth of the ocean be, as has been 
esiimatetl, four miles, the fall in its level that would take 
plaice, in consequence of this annihilation of the land, 
would be just a single mile. And, ci course, a creation 
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of land at the bottom of the sea, which would rise to its 
surface, would, on the same principle, and in exactly the 
same ratio, have the effect of elevating the ocean level. It 
would do on a large scale what the pebbles dropped by 
the crow in the fable into the pitcher did on a small one. 
Nor must it be forgotten, tliat though creation and anni- 
hUcUion are terms which may seem suggestive of the fan- 
ciful and the extravagant, there are phenomena exceed- 
ingly common in nature which, for all the purposes of my 
argument, would have exactly the effect of the thirl^ 
which these terms signify. In intense cold, the mercury 
in a thermometer is confined to the bulb of the instru- 
ment; plunged into boiling water, it straightway rises 
two hundred and twelve degrees in the tube ; and, when 
a second time subjected to the intense cold, it sinks again 
into the bulb, as at first. So far as mere bulk is con- 
cerned, there takes place what is analogous to a creation 
and annihilation of the quantity of mercury in the tube. 
Again, if a rod of lead a mile in length be raised in tom- 
perature from the freezing point to the point at which 
water boiln, it lengthens rather more than ^ve yards; — 
what is equal to a creation of five yards of lead-rod has 
been effected. Cooled down again, however, the five 
yards are annihilated. A rod of fiint-glass of the same 
length, raised to the same temperature, would stretch out 
only four feet, two inches, and rather more than seven 
lines. All the metals — even platinum — expand more 
than glass ; but were there some deep-lying stratum, five 
miles in thickness, of that portion of the earth's crust on 
which Great Britain rests, to be heated two hundred and 
twelve degrees above its present temperature, it would at 
even this comparatively low rate of expansion elevate the 
island more than twenty feet higher than now over the 
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land", already raised over the ocean. The submerged con- 
tinent of the Pacific, which now exists but as a wilderness 
of scattered atolls, may have been the contemporary with 
that of South Am^ca, existing at the time as a flat tract, 
which simply occupied a certain area in the sea ; and the 
hollow which the submergence of the Polynesian land 
occasioned may possibly have been balanced by the rise 
of those enormous table-lands of Mexico and the adjacent 
countries that give to the entire continent in which they 
are included a mean elevation of more than a thousand 
feet; or the submergence of that Atlantis which was 
drained by the great rivers of the Wealden period may 
have been balanced, in like manner, by the rise of the still 
more extensive table-land of Asia : and in both cases the 
level of the sea could not fail to be very sensibly lowered. 
It would have in each instance the area of the submerged 
eontinent to occupy ; and there would be no correspond- 
ing elevation within its bedj to balance against the waste 
by the space which it filled. But why, I repeat, the bal- 
ancing theory at all ? If elevations or depressions can, as 
has been shown, be mere results of changes of tempera- 
ture in portions of the earth's crust, why deem it more 
necessary to hold that there is a refrigerating process tak- 
ing place under one area, in the exact proportion in which 
there is a heating process taking place under another, than 
to hold that when the mercury is rising in the tube of a 
thermometer, it is sinking in some other tube attached to 
the instrument, but not visible ? The argument, however, 
is one of those which can be reasoned out more con- 
clusively by lines than by words. It will be found, too, 
that the lines make out not only a more conclusive, but 
also a stronger case. 
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•corresponding sinking of metal contained in the instni- 
ment elsewhere, or, even if there were an equivalent sink- 
ing, were that sinking to take place in the interior of some 
immense tract of table-land. 

Let us now, however, turn to the diagram fig. 11., and 
consider whether the full realization of the fiction of sink- 

r 

ing hollows within the seOy exactly correspondent in their 
cubic contents to the rising continents, would be at all 
adequate to preserve the hypothetical fixity of ocean sur* 
£ice. Let the line B, C, ^g, II. represent the bottom of 
tlie ocean, and the triangle B, A, C, a depression of the 
earth^s crust, exactly equal in cubic amount to the rising 
land in fig. I., and taking place exactly at the same time. 
It will be at once seen, in running over the details, that 
.even the hypothesis of balancing hollows formed in the 
Bea as a set-off against the elevations, is wholly insufficient 
to establish the theory of a fixed line of sea-level. The 
bellow might be formed, and yet the level affected not- 
withstanding. Until the elevation had risen above the 
line d, 3, in the diagram fig. I., and the corresponding 
JioUow sunk to the line 3, 3, in the diagram fig. II., the 
#urface-line would remain unaffected, — the water displaced 
by the rising eminence would be contained in the sinking 
bellow ; but immediately as the land rose over the suifacc, 
there would be a portion of it — the sub-aerial portion — 
.which would displace no water. The hollow, if it took 
place in the exact ratio of the elevation, — and such is the 
stipulated condition of the theory, — would receive, after 
this point, exactly double the quantity of water that the 
land displaced, and the line of the sea-level would fall. 
!Wlien the elevation would have risen to the point A of 
the one diagram, and the hollowing depression sunk to the 
point A of the other, the amount of water received over 
water displaced would be equal in quauUt^ \a qm^ ^i ^^ 
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THE CHAIN OF CAUSES. 



" It is no recent discovery,*' says an ingenious French 
writer of the last century, "that there is no effect without 
a cause, and that often the smallest causes produce the 
greatest effects. Examine the situations of every people 
upon earth ; — they are founded on a train of occurrences 
seemingly without connection, but all connected. In this 
immense machine all is wheel, pully, cord, or spring. It is 
the same in physical nature. A wind blowing from the 
southern seas and the remotest parts of Africa brings with 
it a portion of the African atmosphere, which, falling in 
showers in the valleys of the Alps, fertilizes our lands. 
On the other hand, our north wind carries our vapors 
among the negroes : we do good to Guinea, and Guinea 
to us. The chain extends from one end of the universe 
to the other." Waiving, however, for the present, the 
moral view of the question, I may be permitted to present 
my readers with an illustration of the physical one, — u e. 
the dependence of the conditions of one country on the 
conditions on which some other and mayhap very distant 
country exists, — which may be new to some of them, and 
which the Frenchman just quoted could have little antici- 
pated. 

When in the island of Bute, to which I had gone on 
two several occasions in the course of a few weeks, in 
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differ from any other that exists in Europe in the present 
day. Ere, however, I pass on to decipher the record 
which they form, or translate into words the strange old 
pre-historic facts with which they are charged, let me 
briefly refer to the overlying deposits, and the successive 
periods of time which tliey seem to represent. 

The upper layer of vegetable mould here fully exhausts 
the historic period. And yet the fine old town of Rothe- 
say is not without its history. The ancient ivy-clad castle 
of the pLace is situated scarce a minute^s walk from the 
excavation; the same stratum of vegetable mould Ties 
around that forms the upper layer in the pit, furnishing 
rich footing to shrub and tree ; and its great moat, de- 
serted long since by the waters, was excavated of old in 
the ferruginous gravel. And yet, though compared with 
the age of the gravel-bed on which it stands, the date of 
its erection is as of yesterday: history fails to trace its 
origin ; we only know that it was already an important 
stronghold in the days of Haco of Norway, one of whose 
captains besieged and took it, — that Robert III. of Scot- 
land died broken-heaitcd within its walls, — and that it 
still furnishes with his second title the heir-apparent of the 
British throne. On many other parts of the coast, though 
apparently not here, this gravel-bed contains shells, all of 
which, unlike those of the arenaceous clay beneath, still 
live around our shores, and most of which occurred, ere the 
last upheaval of the land, as dead shells on the beaches of 
the old coast line. The old line itself against which the 
sea seems to have stood for ages ere the final upheaval, is 
present here immediately behind the town, in an emi- 
nently characteristic form. Its precipices of rough con- 
glomerate still exhibit the hollow lines, worn of old by 
the surf, and occupy such places in relation to the build- 
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CMC «■« finf and iIh* laia nidiearaL When, in the 
i£ JiiSkm Cajnau HioonrsF Sicvhtf vrote his big goa- 
t? idicirj. Sl MiraumsTf^ Mnnit. in Cornwall, was con« 
^vasi. ^le mmQand at l(*w water as it is now,^*a 
&CC f«M»d ia eridcaior ic> dK«w tiiat cinoe that age the 
icap^Min Iff-ne^F cT LoS and water have not altered in 
Briiirr Tbf- cue cvas linf mast have been already 
npbcarcd wif*n. Ca-»r insoec in the island. And vet, 
th^tQci;. ai» «i:wT :t hf ir.a.icnd caves and deeply ex- 
cavated boIlvw& :xr«- <iea a.ii<a have beaten against it dar- 
ing an immensely prc^uacted period of depression, there 
existed a previous period of uphenvaL represented by the 
layer of moss at the bottom of the gravel, when the land 
must have stood considerably higher over the sea-level 
than it does now. In manv localities around the shores 
of Britain and Ireland, the moss-bed which so often under- 
lies the bed of old coast gravel b found to run out under 
the sea to depths never laid bare by the tide ; and yet, at 
least as low as the sea ever falls, it is found bearing its 
stumps and roots of bushes and trees of existing species, 
that evidently occupy the place in wliich they had origi- 
nally p7*own and dec<iyed. These submerged mosses, as 
tlu\v are tenncd, occur along the sides of the Friths of 
Tay and Forth, and in at least one locality on the southern 
mdo of Moray Frith ; on the west coast they lie deep in 
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of Ireland ; and off the shores of Erris and Tjrawly have 
furnished a basis for strange legends regarding an en* 
chanted land, which once in every seven years raises its 
head above the water, green with forests and fields, but 
on which scarce any one has succeeded in landing. They 
occur also on the English shores, in one interesting in- 
stance in the immediate neighborhood of that St. Michael's 
Mount which, from the description of the Sicilian historian, 
furnishes a sort of negative measure of the period during 
which the gravel bed immediately over them was elevated. 
^On the strand of Mount's Bay, midway between the piers 
of St. MichaeFs Mount and Penzance, on the 10th of Jan- 
uary, 1757," says Borlase, in his " Natural History of Corn- 
wall," ^ the remains of a wood, which anciently must have 
covered a large tract of ground, appeared. The sands had 
been drawn off from the shore by a violent sea, and had 
left several places, twenty yards long and ten wide, washed 
bare, strewed with stones like' a broken causeway, and 
wrought into hollows somewhat below the rest of the 
sands. This gave me an opportunity of examining the 
following parts of the ancient trees : — In the first pool 
part of the trunk appeared, and the roots in their whole 
course, eighteen feet long and twelve wide, were displayed 
in a horizontal position. The trunk at the fracture was 
ragged ; and beside the level range of the roots which lay 
round it was part of the body of the tree, just above 
where the roots divided. Of what kind it was there did 
not remain enough positively to determine. The roots 
were pierced plentifully by the teredo or auger worm. 
Thirty feet to the west we found the remains of another 
tree : the ramifications extended ten feet by six ; there 
was no stock in the middle ; it was therefore part of the 
under or bottom roots of the tree, pierced also by the 
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teredo, and of the same texture as the first. Fifty feet to 
the north of the first tree we foand part of a lai^ oak: it 
was the body of a tree three feet in diameter ; its top in- 
clined to the east. We traced the body of this tree, as ti 
lay shelving, the length of seven feet; but to what fhrther 
depth the body reached we conld not discern, because of 
the immediate influx of water as soon as we had made a 
pit for discovery. It was firmly rooted in earth six inches 
from the surface of the sand. Not so fixed was the stodc 
of a willow tree, with the bark on, one foot and a half in 
diameter, within two paces of the oak. The timber was 
changed into a ruddy color ; and hard by we found part 
of a hazel-branch, with its glossy bark on. The earth in 
all the tried places appeared to be a black, cold marsh, 
filled with fragments of leaves of the Jxincua aquatieus 
maximus. The place where I found the trees was three 
hundred yards below full sea-mark. The water is twelve 
feet deep uj)on them when the tide is in." It will be seen 
fi'om this desmj)tion, — and it agrees with that of oar 
submerged forests of the period generally, — that the trees 
which grew on this nether soil, when the level of the land 
stood considerably higher than it does now, were exactly, 
those of our present climate, — a fact borne specially out 
by the numerous hazel-nuts which the deposit almost 
everywhere contains. The hazel is one of the more deli- 
cate indigenous trees of the country. It was long ago 
remarked in Scotland by intelligent farmers of the old 
school, that "a good nut year was always a good oat year;" 
and that " as the nut filled the oat filled.'' And now our 
l)hilosophical botanists confirm the truthfulness of the ob- 
servation embodied in these proverbial sayings, by select- 
ing the hazel as the indigenous plant which most nearly 
resembles in its constitution the hardier cereals. It rises 
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on our hill-sides to the height, but no higher, to which 
cultivation extends; and where the hazel would fail to 
grow, checked by the severity of the climate, it would be 
in vain to attempt rearing the oat, or to expect any very 
considerable return from either rye or barley. The exis- 
tence of hazel-nuts, then, in this mossy stratum, is fraught 
with exactly the same sort of evidence regarding the cli- 
mate of that period of upheaval which it represents, as 
that borne by the shells of the overlying gravel to the 
subsequent period when the sea stood against the old 
coast line. £qually during both periods our country pos- 
sessed its present comparatively genial climate, — the finest 
enjoyed by any country in the world situated under the 
same latitudinal lines. But the bed beneath gives evi- 
dence of an entirely different state of things. 

Under the stratum of moss, as we have already said, 
there occurs in the Rothesay pit a thick bed of stratified 
sea-sand, and under the sand a bed of clay charged with 
shells ; and these shells exist no longer as a group in the 
British seas. Regarded as chsiracters charged with the 
climatal history of the period that represents the stratum 
in which they occur, the following^ list, with the attached 
explanations, may be regarded as indicative of the mean- 
ings which they bear. We may mention, that the greater 
number of the specimens specified were collected in the 
pit after our first visit to it, by Mr. John Richmond of the 
Temperance Hotel, Rothesay, to whose intelligent guidance 
and direction the geologic traveller, desirous of cultivating 
an adequate acquaintance with the Pleistocene deposits of 
the island in the least possible time, would do well to com* 
mit himself. 
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Sach were ibe shells found in the arenaceous clav-be<i 
of the Rothesay pit, full twenty feel tvom the surface; and 
frc'm where-, in various other parts of the country, the 
same bed has been reache<i by excavations, or found croj»- 
ping out along the shores, the list has l>een greatly in- 
crenserL At Balnakaille Bav, for instance, in the Kvles 
of Bate, where 3fr. Smith of Jonlanhill, — one of our 
ianthoritioson the Pleistocene formation, — firs>t do- 
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tected the deposit, we found several specimens of the JPec- 
ten Jslandicus, — a fine shell, which, though abundant on 
the coast of Labrador, has not been found living on those 
of Britain ; with specimens of Panopea Nortoegica^ — a 
massive shell, of the same boreal character, recently, how- 
ever, found on our coast ; though such its extreme rarity, 
that a conchological friend tells us he was lately offered a 
British specimen for sale, at the not very moderate price 
of two pounds ten shillings. Even in the instance in 
which the shells are not only British, but also not of ex- 
treme rarity, the proportions in which they occur in the 
beds are certainly exotic. Aatarte eUipticOy for instance, 
is by no means a common Astarte in the Scottish seas, nor 
is it all known in those of England or Ireland ; whereas 
in Greenland it is very abundant; and in those beds in 
which it is the prevailing Astarte, it is in the Greenlandic, 
not in the Scottish proportions, in which it occurs. In 
the same way Cyprina lalandica^ though comparatively 
rare in the Frith of Clyde, is not rare in the Scottish seas 
generally ; biit it is in the seas of Iceland, as its name im- 
plies, that it attains to its fullest numerical development; 
and in the Pleistocene beds of the Clyde it is in the Ice- 
landic, not the Scottish proportions, that we find it. The . 
same remark applies to Cardium Norwegica and Astarte 
compressor with not a few others ; and still more strongly 
to another Astarte, not rare in the Pleistocene deposits of 
at least Banffshire and Caithness, but so exceedingly rare 
as Scottish in the present age of the world, that the late 
Professor Edward Forbes, — indefatigable dredger as he 
was, — had to borrow from a friend the Scottish specimen 
which he figures in his great work. But though of such 
unfrequent occurrence in the Scottish sejis, it is common 
in those of Nova Zembla and within the Arctic circle; 



and il b m the praportiom in wliidi iA it devdopeft in At 
h^ ktitadcs that we now find it in the FleiilooeBe beds 
efSeothuid. 

Bnt how inteqNret eo eorioiis n fiMt at the oeonirenee in 
this eoontiy of beds of shdb (evidently oeonpying the 
place in whicJi they had Kved and died) wlioee proper cli» 
matal habitat is now some ten or fifteen degrees &rther to 
the north? Then is nothing more fixed than the nature 
of qwdes. Ait» within certain limits exerts an acclimatise 
ing power; Alpine plants may be fi>nnd, Jbr instanoe^ liv- 
ing, if not floniishii^ within the Botanic Gardens of 
£dinbargfa» elevated scarce a hundred feet above the level 
of the sea ; bot every scientific gardener knows how ex- 
tremely difficolt it is to keep those alive in the too genial 
temperature of situation greatly lower than the one natu- 
ral to them ; and that while intertropical plants may be 
easily maintained in existence throngfa the judioions appli- 
cation of artificial heat, the sub-arctic or Alpine plants are 
ever and anon dying out. And never do they so change 
their natures as of thenuehes to propagate their kind down- 
wards from the hill-tops to the plains. They on no occa- 
sion violate the climatal conditions imposed upon them by 
nature. It is so also with the animal world, and especially 
with shells. There are shells reckoned British, so deli- 
cately sensible of cold, that their northern limit barely 
touches the southern shores of Britain. That fine bivalve 
Cytherea chione is one of these, never getting fiuther north 
than Caemavon Bay ; Cardium nuHcumj so graphically 
described by Mr. Kingsley in his "Glaucus,'* under the 
style and title of Signer Tuberculato, is another, rang- 
ing southward to the Canaries, but barely impinging, in 
its northern limits, on the shores of Devon and Cornwall ; 
and our splendid Haliotu8,.or ear-shell, JK tuberculata^ 
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though reckoned British by courtesy, does not even touch 
the British shores, but finds its northern limit at the Chan- 
nel Islands. Nor are the northern shells more tolerant of 
warm than the southern ones of cold water. We have 
already referred to Astarte eUiptica as finding its southern 
line of boundary on the Scottish coasts; JPecten Ntveus 
has not occurred to the south of the Frith of Clyde ; and 
Trochus unditkUuSy though it ranges to Greenland, barely 
reaches our northern and western shores. Such and so 
nice is the dependence of shells on conditions of tempera- 
ture, and such and so nice is their restriction to climatal 
areas. Nor could they have had a different nature in the 
past. How, then could the cold Natica clausa and Tro- 
phon scalarifomie of Spitzbergen and boreal America, and 
the TeUina proxima and Mya UddevaUensia of Greenland 
and the North Cape, have been at one time living deni- 
zens of the bay of Rothesay? Under what strange cir- 
cumstances could whole scalps of the Pecten Islandiciia 
have thriven in the Kyles of Bute, accompanied by groups 
of boreal Saxicava^ that dug themselves houses in the 
stiff clay, and massive Panopea, that burrowed in the 
mud ? The island of Bute is famous for now possessing 
perhaps the finest climate in Scotland ; exotics blow in its 
g:irdcns and shrubberies, that demand elsewhere the shel- 
ter of a greenhouse; and yet there was a time when, 
judging from the extreme boreal character of its shells, it 
pined under a severe and ungenial climate, in which even 
the hardier cereals could not have ripened. How accoimt 
for a state of things so very unlike the present? 

Questions in natural science cannot be resolved with all 
the certainty of questions in astronomical or mathematical 
science. Adams and Le Verrier could not only infer from 
the disturbances of Uranus the existence of a hitherto un- 
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vrtr'if^ira — I3ac 7!!cn»ieafie*i a& tfte RothesiT excaratioa bj* 
:a< in«:«ir |£rLY>:L-^«ed. — i^ac wii«h taccceded the age of 
S3«f Wm«:r-pf^ 3io£««!^ — uas dui^ which the wavea 
^.'M io^a>Q idL<e ^vi cvcfes« OMe* — seems to have been 
K^rM(e*i :c 4 ieftnfst vY jcow thirtr.or at most Ibrtr, feet 
KiM.isa 12^ !<eT\f^ w^^dt the iaad at present maintains; 
vi<;;nr.u: ^hn? rr«r>.^««aepc«sBk« — that represented by the 
Kf t :i dfv&JOfvM» cdT and the boreal shells — most have 
b^tt a i^iKV:ss<;ioci of cuav han<lred feet. Xo snch infer- 
iHKV. how^Trt^ cv^ttld W ha&ed on any of the Bate deposiu 
w2iiv*h we feive vet wen : and yet we might safely con- 
ciudew even fivm thes^ that when the deep-aea shells lived 
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where we now find them, the land must have sat compar- 
atively low in the water. When scalps of Pecten Island' 
icus throve on the argillaceous bed cut open above tide- 
mark by the little stream which falls into Balnakaillie Bay, 
and noble Panopea burrowed in its stiff clay, Bute must 
have existed, not as one, but as three islands, separated 
from each other by ocean sounds occupying the three val- 
leys by which it is still traversed from side to side. In the 
neighboring mainland many a promontory and peninsula 
must have also existed as detached islands. The long 
promontory of Cantyre and Knapdale, traversed by open 
sounds at Tarbert and Crinan, must have formed two of 
these ; the larger part of the shire of Dumbarton, cut off 
firom the main land by straits passing inwards through the 
valleys of the Leven and of Loch Long, must also have 
borne an insular character ; Loch Lomond must have ex- 
isted, not as a fresh-water lake, but as an interior sea; 
and, in fine, the whole geography of the British blands 
must have been widely different from what it is now. 
There are other localities, however, in which, from the ele- 
vation of the boreal shell-bed over the present sea-level^ 
we are justified in inferring that the depression of the land 
roust have been much greater than that indicated by the 
beds of Bute. The same bed, and containing the same 
shells, was laid open in forming the Glasgow and Greenock 
Railway, a little to the west of Port Glasgow, at an eleva- 
tion of about fifty feet over the high-water line. It was 
detected at Airdrie, about fifteen miles inland, in the first 
instance, at a height of three hundred and fifty feet over 
the sea, and subsequently at the still more considerable 
height of five hundred and twenty-four feet. We our- 
selves have disinterred the same shells from where they 
rested, evidently tn'wYw, in Banf&hire, — on the top, in 
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Let us next remark, as very important to onr argument, 
that not only was the period one of depression in the Brit- 
ish area, but also very extensively in the northern hemi- 
sphere generally. The shell-beds of TJdde valla — identi- 
cal in the character and species of their organisms with 
those of the Clyde — are elevated two hundred feet above 
the neighboring Cattegat; and in Russia Sir Roderick 
Murchison detected similar beds in the valley of the Dwina, 
lying nearly two hundred miles south-east of Archangel, 
and at least a hundred and fifty feet over the level of the 
White Sea. It is not uninteresting to mark, in the list of 
shells given by Sir Roderick in his great work on Russia, 
and which were the product, he states, of not more than 
two hours' exploration among these far inland beds, exactly 
the names of the same species that occurred in the Rothe- 
say excavation, or may be found in the Pleistocene depos- 
its of the Kyles. We recognize as the prevailing forms, 
JVatica ckmaa^ JPecten JslandicuSj Astarte eUiptica^ As- 
tarte compressor Mya truncata in both its boreal and more 
ordinary varieties, and Tellina proxtmOy with many others. 
The inscriptions borne by the Pleistocene of both Sweden 
and Russia are formed of the same character as those ex- 
hibited by the Pleistocene of our own country, and tell 
exactly the same story. But it is of still more importance 
to our argument, that the Pleistocene of America is also 
inscribed with similar characters, and is coupled with sim- 
ilar evidence. Shell-beds identical in their contents with 
those of the Clyde, Uddevalla, and the valley of the 
Dwina, have been detected in the neighborhood of Que- 
bec, at the height of two hundred feet over the Atlantic^ 
and traced onwards by Mr. Logan, the accomplished state- 
geologist for the Canadas, to the height of four hundred 
and sixty feet. And in these American beds, separated 

84 
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from thoee of tbe Dwina by a hundred and twenty dq;ree8 
of Imigitade, PecUn Idandicu$^ JVaUoa daugOf Mya tntnr 
eata, Saxiocwa ruffoaa^ and IVlina proxtma^ are the pre- 
railing forma. How very wide the geographic area wUch 
these shells most have possessed of old I A depression of 
the North American Continent to the amount of but foor 
hundred and sixty feet would greatly a&ct its contour. 
It would cut it off from South America (the highest 
point over which the Panama Railway paased was but two 
hundred and fifty feet over the levd of the sea), and 
unite the Atlantic and Pacific Oceans by a broad channel, 
more than thirty fathoms in depth. But from various 
other appearances the American geologists daim fior their 
country a much greater depression than even that of Moel 
Trrfon in Wales. It must have been depressed at least two 
thousand feet, and a wide sea must have passed through 
the valley of the Mississippi into what is now the Lake dis- 
trict, and from thence into Hudson's Bay and the Arctic 
Soa:is^ And now, let the reader mark the probable effects 
on the climate of Northern Europe generally, and on that 
of Britain in particular, of so extensive a submergence of 
the American Continent. 

Xo other countries in the world situated under the same 
linos of latitude enjoy so genial a climate as that enjoyed 
by the British islamU in the present day. The bleak 
Cixists of Labrador lie in the same paraUels as those of 
Britain and Ireland ; St. John's, in Xewfoundland, is situ- 
ativl ooujUdorably to the south of Torquay in Devon ; and 
d|v F:irowoll, in Greenland, to the south of Kirkwall, 
tho capital of the Shetland Islands. But how very differ- 
ent the cUm.«ite of these bleak occidental lands, from that 
^Uix*h r^^nders Great Britain one of the first of agricul- 
tund ivuntries! At Xain, in Labrador, situated in the 




A oeologist's pobtfouo. 899 

same latitude as Edinbni^h, the ground irost at the depth 
of a fev feet iroia the sarface never thaws, but forms no 
nngenial rock-like eubeoil, against vliich the laborer breaks 
his tool, and over vhich the cereals &il to ripen. From 
the northern coasts of Kevfoandland, thongh lying nnder 
the same latitndinal lines as the extreme sooth of England, 
there forms in irinter a thick cake of ice, which, binding 
ap the stormy sea, rans northwards and eastwards, and 
connects, as with a long bridge, the north of Iceland with 
the north of Newfoundland; thus constitoting a natural 
iaotbermal line, which shows that the European island has 
a not severer climate than the American one, though it 
lies more tban ten degrees &rther to the north. And be 
it remembered that, did climate depend exclusively on a 
country's latitudinal position on the map, and its distance 
from the Ban, it is the climate of Northern America that 
would be deemed the ordinary and proper climate, and 
that of Northern Europe the extraordinary and excep- 
tional one. Britain and Ireland owe the genial, equable 
warmth that ripens year after year their luxuriant crops, 
and renders their winters so mild that the sea never freezes 
aronnd their shores, not, at least directly, to tbe distant 
sun. lake apartments heated by pi[)es of steam or hot 
water, or greenhouses heated by flues, they derive their 
warmth from a heating agent laterally applied ; they are 
heated by warm water. The great Gulf Stream, which, 
issuing from the Straits of Florida, strikes diagonally 
across the Atlantic, and, impinging on onr coasts, casts 
upon them not unfrequently the productions of the West 
Indies, and always a condderable portion of the wannth 
of the West Indies, is generally recognized as the beating 
agent which gives to our country a climate so much more 
mild and genial than that of any other coontry whatever, 
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£oin the west carried into the atmoephere the caloric of 
f^e water over which it swept. The amoont of heat dt»- 
^larged into the Atlantic by this great ocean-current is 
enormoos. * A ample calculation," says lieutenant Mau- 
j^ "fc win show that the quantity of heat discharged over 
♦be Atlantic firom the waters of the Gulf Stream in a win- 
day would be sufficient to raise the whole column of 
tmosphere that rests upon France and the British Islands 
from the freeang point to summer heat-" "It is the influ- 
ence of this stream upon cVmiate,- he adds, "that makes 
Erin the Emerald Isle of the sea, and clothes the shores 
of Albion with evergreen robes ; while, in the same lati- 
tudc, on the other side, the shores of Labrador are fast 
>und in fetters of ice," 
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Now, a depression beneath the sea of the North Ameri- 
can continent would have the effect of depriving northern 
Europe of the benefits of this great heating current. Its 
origin has been traced to various causes, — some of them 
very inadequate ones. It has been said, for instance, that 
it is but a sort of oceanic prolongation of the Mississippi. 
It has been demonstrated, however, that it discharges 
through the Straits of Florida about a thousand tiroes 
more water than the Mississippi does at its mouth ; and 
yet, even were the case otherwise, and the view correct, 
any great depression of North America would cut off the 
Mississippi from among the list of great rivers, by convert- 
ing the valley which it occupies into a sea, and would thus 
terminate the existence of the Gulf Stream. The Stream 
has, however, a very different and more adequate origin, 
but one which the depression of the North American Con- 
tinent would equally affect. It is a reaction on the great 
Drift Current. If the reader take a cup or basin filled 
with water, and blow strongly across the surface of the 
fluid, two distinct currents will be generated, — a drift 
current, which, flowing in the direction of his breath, will 
impinge against the opposite side of the vessel, — and a 
reactionary current, which, passing along its sides, will 
return towards himself And nothing can be more obvi- 
ous than the principle on which this occurs. The drift 
current, more immediately generated by his breath, heaps 
up the water against the side of the vessel on which it 
impinges ; and this heaped-up water must of course inevi- 
tably seek to return to the other side, in order to restore 
the deranged equilibrium of level. Now, the Northern 
Atlantic, — the Atlantic to the north of the equator, — 
displays on an immense scale exactly the phenomena ex- 
hibited by this simple experiment of the cup or basin. 
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The breath of the trade-winds, ever blowing upon it fironi 
the east and north-east, in that broad belt which lies be- 
tween the tenth and the twenty-sixth d^p-ees oi north 
latitude, forms a great drift current, which, impinging on 
and heaping up the waters against the South American 
coast, — the opposite side of the cup or basin, — flows 
northwards into the Caribbean Sea and Mexican Gnl^ 
and, issuing from the Straits of Florida in the character 
of the rciictionarj Gulf Stream, strikes diagonally across 
the Atlantic full on Northern Europe. But the existence 
of this rc&ctionary stream is not merely and exclusively a 
consequence of the existence of the Drift Current : it is 
also equally a consequence of the existence of an Ameri- 
can continent. Save for the side of the basin or cup oppo- 
site to that whence the breath comes, the water, instead 
of returning in a reactionary current, would flow over. 
Such a wide breach in the sides of the cup along the Isth- 
mus of Panama, for instance, as a depression of but four 
hundred and sixty feet would secure, would permit the 
Drift Current to flow into the Pacific. Such a wide breach 
in the sides of the cup along the valley of the Mississippi 
as a depression equal to that indicated by the shells of 
Moel Tryfon would secure, would permit the reactionary 
Gulf Stream, though already fomiec], to escape, along what 
is now the lake district of America, into Hudson's Bay. 
In either case the Gulf Stream would be lost to Northern 
Europe; and the British Islands, robbed of the Gulf 
Stream, would possess merely the climate proper to their 
latitudinal position on the map; — they would possess such 
a climate as that of Labrador, where, beneath seas fix>zen 
over every winter many miles from the shore, exactly the 
same shells now live as may be found, in the sub-fosal 
state, in the Eyles of Bute, or underlying the pleasant 
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town of Rothesay. A anbmergenoe of the North Ameri- 
can Continent woald give to Britaio and Ireland, with the 
conntries of Northern Europe generally, what they all 
Beent to have poeaesaed during the protracted i^b of the 
Pleistocene era, — a glacial climate. 

If onr conclnsions be just, — and we see not on what 
grounds they are to be avoided, — our readers will, we 
dare say, agree with ns that it would not be easy to pro- 
duce a more striking illustration of the infiuencea which 
are at times exerted by the conditions of one country on 
those of another. Our brethren of the United States are 
occasionally not a little jealous of the mother country ; but 
we suspect all of them do not know bow completely they 
could min her oould they but succeed in keeping their 
great Gulf Stream to themselves. It might be unwise, 
however, to urge matters quite so &r, lest they should 
provoke us, in turn, to demand back ^ain the large brains 
and high-mettled blood which we have most certunly 
given them. Such of our readers as occasionaily enjoy a 
Bummer vacation on the west coast might find it no dull 
or useless employment to begin reading for themselves the 
shell inscriptions borne by the Pleistocene deposits. It 
would at once form an excellent exercise in Conchology 
and a first lesson in Geology, which, from tbe interest it 
excited, would scarce fail to lead on to others. With their 
eyes educated to the work, too, they would find, we doubt 
not, the beds in many a new locality in which they had not 
been detected before, and enjoy the same sort of pleasure 
in falling upon a fresh deposit, as that enjoyed by an Eg}'p- 
tian or Assyrian antiquary when he discovers a catacomb 
of unrolled mummies never before laid open, or a series of 
sculptures or of inscriptions in the cuneiform character, 
unseen since the days of Semiramis or Sennacherib. W« 
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i^liutnim eridcnev bgrse fay apptanaom of wiaeh— iiaJ 
•f^is MKit aa tbeae to tbe mate testiinooj of the sbcila. 
Vc hars alraadj inddentaDj rdwicd to the interestiiig 
depoatB c^ BalnafcaiHie Bay. A stream fidia into tbe sea 
tJL ita nmier extremitf, and exhibits, in the section which 
it supplies, a bed charged with the old boreal 8beUa,'froin 
vhwe it creepa o«t along the beach, till where we lose it 
in the interior, fiu- above the tvac^ of the tide. As it 
p«epei inwards, we find the tAd coast Hne depoeits resting 
orer it ; in one place asenming the twdinary damcter of 
a Mratified sand and gravel ; in another existing as a par- 
tiallj oonatJidated ctMi^omeiate ; while inunediatel j be- 
neath it, on the north ude of the stream, the rock appears 
stronglj maibed bj the old glacial dresdngs. Tbe me- 
chanical and aoologic evidences of tbe existence of a 
period of extreme cold thus Ipng dde by side may be 
studied together. Bat the district has its many such ap- 
pearances. Not a few of the bills bear, in their ronnded 
protnberances and smoothed and channelled hoUowa, evi- 
dence of the ice-sgeot that wasted them of old, and in 
the valley of the Garelocb, only a lew miles distant, Mr, 
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Charles Maolaren fonnd anequivocal traces of an ancient 
glacier. 

But the collateral evidencea would lead UB into a field 
qnite as wide as that into which we have made our brief 
excursion, and are now preparing to leave. The following 
interesting extract from Mr. Kiogaley's Olaucus, with 
whj^h we conclnde, may at once show how rightly to read 
these, and what very amttsiog reading they form. It is 
thus we find Mr. Kingsley accounting, in light and grace- 
ful dialogue, for the formation of a profoundly deep lochan 
of limited area, that opens its blue eye to the heavens 
amid the rough wilderness of rocks and hills that encircle 
the gigantic Snowdon. 

"You see the lake ib nearly (Urcnlar, On the side where 
we stand the pebbly beach is not six feet above the water, 
and slopes away steeply into the valley behind us, while 
before us it shelves gradually into the lake ; forty yards 
out, as you know, there is not ten feet of water, and then 
a steep bank, the edge whereof we and the big trout know 
well, sinks suddently to unknown depths. On the oppo- 
Hte side, that vast flat-topped wall of rock towers up 
shoreless into the sky seven hundred feet perpendicular. 
The deepest water of all, we know, is at its very foot. 
Right and left two shoulders of down slope into the lake. 
I^ow turn round, and look down the gotge. Remark that 
the pebble bank on which we stand reaches some fifty 
yards downward. You see the loose stones peeping out 
everywhere. We may fairly suppose that we ataad on a 
dam of loose stones, a hundred feet deep. 

"But why loose stones? and if bo, what matter and 
what wonder? There are rocks cropping out everywhere 
down the hill -side. 

"Because, if you will take up one of these stones, and 
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joa will see thai it is not of the same staff 
ss those sud rocks. Step into the next field and see. 
That rock is the coaunoD Snowdoo slate which we see 

The two shonldeis of down right and lefk 
date, too; joa can see that al a gianoe. Bat the 
of the pebble bank are a dose-grained, yeUow-spot- 
t<«l S}renite; and where, — where on earth did theae Sfen- 
iie pebbles come from? Let as walk roand to the diff on 
the opposite ale and see. 

"^Xow mark. Between the difflbot and the sloping 
down if a crack, ending in a gnllr: the nearer side is of 
state, and the farther side the diff itsel£ Why, the whole 
ckff B composed of the rery same stone as the pebble 
rid::e. 

- Xov. IDT good men J, bow did these pebbles get three 
kiznired yaz^is aim>s$ the lake? Hundreds of tons, some 
of them three itxl ion;j, — who carried them across ? The 
old Cimbri were cot likelT to amuse themselres bv makins 
S5v4i a breakwater up here in No-man Viand, two thou- 
SAnd fe«: above the sea : but somebody or something must 
have carriei them, tor stones do not fly, nor swim either. 

"- Let our hope of a solution be in John Jones, who car- 
rie-1 w the concle. Hail him, and ask what is on the top 
of :bat cAK So? — •Plains, and bogs, and another linn.' 
Verv oxhL Now, does it not strike vou that the whole 
cliff has a remarikably smooth and plastered look, like a 
hare*s run up an earth bank ? And do yon see that it is 
polisbt^ thus only orer the lake? that as soon as the 
c'.ItT abutjt on the downs right and left, it forms pinnacles, 
cavos. bn>ken angular boulders ? Syenite usually does so 
in our damp climate, from the weathering effect of fix)6t 
and rain : wh v h.is it not done so over the lake ? On that 
}virt something (giants perhaps) has been scrambling up 
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and down on a very large scale, and so nibbed off eveiy 
corner which was inclined to come away, till the solid core 
of the rock was bared. And may not these mysterions 
giants have had a hand in carrying the stones across the 
lake ? • . . Really, I am not altogether jesting. Think 
awhile what agent could possibly have produced either 
one or both of these effects? 

^ There is but one; and that, if you have been an 
Alpine traveller, much more if you have been a chamois- 
hunter, you have seen many a time (whether you knew it 
or not) at the very same work." 

^ Ice ! Yes : i«e. Hrymin, the frost-giant, and no one 
else. And if you look at the facts, you will see how ice 
may have done it. Our friend John Jones's report of 
plains and bogs, and a lake above, makes it quite possible 
that in the ice-age (glacial epoch, as the big-word mongers 
call it), there was above that cliff a great neve or snow- 
field, such as you have seen often in the Alps at the head 
of each glacier. Over the face of this cliff a glacier had 
crawled down from that neve, polishing the face of the 
rock in its descent; but the snow, having no large and 
deep outlet, has not slid down in a sufficient stream to 
reach the vale below, and form a glacier of the first order, 
and has therefore stopped short on the other side of the 
lake, as a glacier of the second order, which ends in an 
ice-cliff hanging high upon the mountain-side, and kept 
from farther progress by daily melting. If you have ever 
gone up the Mer-de-61ace to the Tacal, you saw a mag- 
nificent specimen of the sort on your right hand, just 
opposite the Tacal, in the Glacier de Trelaporte, which 
comes down from the Aiguille de Charmoz." 

"This explains our pebble ridge. The stones which 
the glacier rubbed off the cliff beneath it, it carried for- 
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VH^ danrh, Iml farrlr, till lh«y saw the light ngaia in 
dw Cm* of tbv i<K~-cIiC ao'l dropped out of it nnijer tl>e 
■ritng of th« Ktnmier smi, to hna a huge dam Across tho 
nria»; liU, tb« *Lre-a^' f>a«t, » tDore gcDial climate sno 
•Mdod, Mid B«T« Mid ^mdm ndtcd away; b«t tb« 
•man^a' ot ttamta Ad Mt, wmi hbmm tothia day, tbe 
diB vUch keeps ip the valen at the lake. 

"TWte ■ my eapl— rtioB. H* yov cm find a better, 
ioi b«t nBOHbor ahr^m that ttnH 
tib— 'How fid the atoMB get agroH the lakef" 
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RECENT GEOLOGICAL DISCOYERIES.* 



PREPARATIONS FGFR THE BRITISH ASSOCIATION MEETING AT 

ABERDEEN IN 1869. 



The gentlemen of the hammer and chisel must imme- 
diately prepare a Reform BiU^ and readjust theif nomen- 
clature and classification. Both are uncouth and barbar- 
ous, as well as unscientific Recent discoveries have 
unsettled almost every one of the characters and tests of 
the age of rocks. Old Werner's Transition class, though 
founded to some extent on facts, has been long ago dis- 
carded. But will hardness or crystalline structure, or the 
absence even of organic remains, hitherto described as the 
grand features of the primitive class of rocks, now bear 
to be trusted as essentialia of classification I Every sum- 
mer's ramble multiplies proofs to the contrary. The mere 
vicinity of a trap-vein, squirted from its boiling caldron 
below, among the most sedimentary strata, has often baked 
them into hard crystalline masses, and converted mud- 
banks charged with shells into beautiful granular marble, 
as may be seen at Strath, in Skye, under the overlying 
igneous rocks of the Cuchullins. And perhaps the time is 
not far distant when it may be diflScult to find in the crust 
of the globe any assemblage of rocks in which organisms 
may not be detected, although heat^ for the most pait, has 

* See Introductory R^sum^, p. 30. 
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obihcnted thcm.^ Again, a litde more paliieiit 
JBicnigilinw, ve expect, will Mow to the winds many a 
tamt tktorr as to the gradmal deodcpmaU of apedea, and 
win BMSt likelT show that at no fonner period was there 
an oeetti replete with aheOa and wonna low in the scale of 
off^gaBiatkNa, which had not on its shores a rich vegetation 
aad a /awta abounding in reptiles, and perhaps birds and 
^sttdrapeds! Thna, when Hugh Miller wrote his '^Old 
Red SandaloBe," he d e scrib e d it as pecnliarij a MoU-waier 
JUA foimatioii, in whirii there were scarcely any shells or 
Te^ecablcs^ the &int traces of the latter which he had dis- 
c^Tcrcd beii^ only markings of fbcoids and similar sea- 
wiMdjw So £ur as then known, the Scottish Old Red 
Stdkcdsione w;ts the prodace of a deep shoreless ocean, to 
whioh no decayed forests had been brought down by rains 
and livers to become future coal-fields, nor on whose 

* " TVf ^J7vcb<si»,*' SJ1T5 Sir Boderv^ If airhison, in bis iiewly>p«ib- 
Is-^itfii <Ctx'^ t.-^ " S^&hJk" ** ihat all the earliest sediments hare been so 
al^cncti af ?.'' ^^ o^•^iKra»d tbe uaces of any relics of former life wbich 
zuy !UT« Nw£ cs::omlwil in tbem. b opposed by examples of enonnonsly 
ti.x-^ a>l >.>f^)m £3Hy Vrnpitcd deposits beneath the lowest fossiliferoos 
rx*:^ asi in vh^.^^. if many animal remains had ever existed, more 
C^iv-v^ vC ibea w-o-ajj iw detevted." 

*' ASki rv^" as he aeain obMrres. *' the fine agjrrepOion and unaltered 
<v>cxi::x« of :h«we Mdiments hare pei m ilt ed the minutest impressions to 
W pewternfti. Thu^. not only are the broad ware-marks distinct, bnt also 
t^'ve $=aaUer hpp4e$ which may hare been produced by wind, together 
w-.ih arpareni nin>princ as seen upon the muddy surface, and even 
cracks pn>iB.'«d by the action of the sun on a half-dried surface. Again, 
as a A^trtber indicstion that these are littoral markings, and not the results 
of deep^MA (Qnents. the minute holes left by the Annelides are most con- 
spicocsu on the shiitered sidei$ of the reptile* in each slab. 

'* San^(y. then, if animals of a higher organization had existed in this 
rery ancient period, we should find their relics in this sediment, so ndmi- 
rably adapted tor their conservation, as seen in the markings of the little 
aivn:i\<a« a«x»mpanted even by the tnces of diumal atmospheric action " 
-" iilnri*.- pp. ai^r . L, M. 
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margins and lagunes disported the amphibious crocodile 
or other allied genera, who could leave the impress of 
their feet or tails on the soft mud or sand« The formation, 
in short, was considered very low down indeed, and near 
the base of the platform of rocks in which rest entombed 
the remains of the earliest races of organized creatures. 
But what have the discoveries of the last six months 
established ? Why, this, that the Old Red Sandstone of 
the east coast of Scotland is comparatively a modem 
formation, — much newer, at least, than the grand and 
lofty masses of the purple and red conglomerate of the 
western coast, which they so greatly resemble, but upon 
which Sir Roderick Murchison has now proved that an 
extensive series of crystalline quarts-rocks, limestones, and 
micaceous schists repose all greath/ older than Hugh Mil- 
ler's fish-beds ! The discovery a few years ago of a little, 
fix>g-like, air-breathing reptile in Morayshire (named the 
Telerpeton Elginen8e\ has been a bone of contention 
among the savansj because, according to past theories, it 
was not easy to admit that it could have lived at the date 
of the deposition of the Old Red Sandstone ; and hence 
very grave doubts were expressed about it, and much 
anxiety shown to establish that* it belonged to the car' 
boniferous strata, or to a New Med Sandstone formation, 
which, if it did exist in our district, would be most valua- 
ble, from the salt and calcareous deposits in which it 
usually abounds. But within the last month or so, Sir 
Roderick Murchison, in company with the Rev. G. Gor- 
don, of Birnie, made transverse sections of the whole 
series of Morayshire freestones, from the edges of the 
micaceous schist in the interior, to the maritime promon- 
tories of Burghead and Lossiemouth, which convinced, 
them that the whole red and yellowish sandstones of the 
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Tilt were the means of establishing the irrnptive and 
igneous origin of granite, so Scotland again turns out to 
be the battle-field of our men of science, and that very 
great many things may be expected from the explorations 
which undoubtedly will be made, in connection with the 
next meeting of the association, to be held next autumn 
at Aberdeen, under the eye of the Prince Consort, and at 
which Sir Roderick Murchison, we are glad to understand, 
is to take his place as vice-president in all the sections. 
He is the senior of the three permanent tnistees of the 
Association, and one of the founders of the body in 1831, 
of whom, strange to say, only five are now alive. In Sir 
David Brewster the science of the south of Scotland will 
be admirably represented and supported ; while Sir Rod- 
erick, a Ross-shire man, an alumnus of the Inverness Acad- 
emy (aye, and one who put shoulder to shoulder with the 
Highlanders on Corunna's bloody sod), will represent the 
land north of the Spey. 

If we might suggest to those who will take the lead in 
the arrangements for the Aberdeen meeting, we would say 
that they ought, in the geological section, to prepare for 
one excursion to Stonehaven, on the eastern coast, and 
another to Cromarty and Eathie, the scenes of Hugh Mil- 
ler's labors, on the north. 

In Stonehaven bay, and arising out of the harbor, may 
be seen large dykes of trap ascending the cliff and over- 
spreading the sandstone strata like the branches of a palm 
tree, and thence overflowing towards the very curious 
quartzose conglomerate at Dunnottar Castle. On the other 
or northern horn of the bay, irruptive or felspar rocks jut 
up in great masses and promontories, shifting and disturb- 
ing the sandstone strata; and immediately beyond, these 
latter give place to hard crystalline and vertical strata, as 

85» 
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'it partially imbedded, with many other nodales half-disin* 
terred by the sea, in an ichthyolitio depositi a few hundred 
yards to the east of the town of Cromarty, which occurs 
more than four hundred feet over the Great Conglomerate 
base of the system. A nodule that lay immediately beside 
it contained a well-preserved specimen of the Coccoateus 
decipiens; and in the nodule in which the lignite itself is 
contained the practised eye may detect a scattered group 
of scales of DipUicarUhus^ a scarce less characteristic 
organism of the lower formation. And what, asks the 
reader, is the character of this ancient vegetable, — the 
most ancient, by three whole formations, that has presented 
its internal structure to the microscope ? Is it as low in 
the scale of development as in the geological scale ? Does 
this venerable Adam of the forest appear, like the Adam 
of the infidel, as a squalid, ill-formed savage, with a rugged 
shaggy nature which it would require the suggestive neces- 
sities of many ages painfully to lick into civilization ? Or 
does it appear rather like the Adam of the poet and the 
theologian, independent, in its instantaneously-derived per- 
fection, of all after developments, — 

" Adam, the goodliest man of men since born 
His sons?" 

Is this tissue vascular or cellular, or, like that of some of 
the cryptogamia, intermediate ? Or what, in fine, is the 
nature and bearing of its mute but emphatic testimony 
on that doctrine of progressive development^ of late so 
strangely resuscitated ? 

In the first place, then, this ancient fossil is a true wood, 

1 This allades, of course, to tlie devdopmeni theory of the ** Vestiges of 
the Natoral History of Creation." 
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Btmctare. Wo find in it an nnfaUen Adam — not a hal& 
developed savage.^ 

The olive-leaf which the dove brought to Noah estab- 
lished at least three important facts, and indicated a few 
more. It showed most conclusively that there was dry 
land, that there were olive-trees, and that the climate of 
the surrounding region, whatever change it may have un- 
dergone, was still fiivorable to the development of vegeta- 
ble life. And, further, it might be safely inferred from it, 
that if olive-trees had survived, other trees and plants must 
have survived also ; and that the dark muddy prominences 
round which the ebbing currents were fast sweeping to 
lower levels would soon present, as in antediluvian times, 
their coverings of cheerful green. The olive-leaf spoke 

1 On a point of sach importance I find it necessary to strengthen my 
testimony by auxiliary evidence. The following is the jadgment, on diis 
ancient petrifaction^ of Mr. Nicol, of Edinburgh, — confossedly one of our 
highest living authorities in that division of fossil botany which takes 
cognisance of the internal structure of lignites, and decides, fh>m their 
anatomy, their race and family : 

** Edinburgh, 19th July 18i6. 
** Dbab Sib, — I have examined the stmetore of the foesil-wood which yon 
Iband in the Old Bed Sandstone at Cromarty, and have no hesitation in stating, 
that the reticulated texture of the transverse sections, though somewhat com- 
pressed, clearly indicates a coniferous origin ; but as there Is not the slightest 
trace of a disc to be seen in the longitndhial sections paraUel to the medullary 
rays, it is impossible to say whether it bel<mg8 to the pine or araucarian division. 
I am, etc. William Nicol.'* 

It win be seen that Mr. Nlcol failed to detect what I now deem the discs 
of this conifer, — those stippled markings to which I have referred. But 
even were this portion of the evidence wholly wanting, we would be left 
in doubt, in consequence, not whether the Old Red lignite formed part of 
a true gymnospermous tree, but whether that tree is now represented by 
the pines of Europe and America, or by the araucarians of Chili and New 
Zealand. Were I to risk an opinion in a department not particularly my 
province, it would be in favor of an araucarian relationship. 
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SIR RODERICK MURCIIISON 



ON THE 



RECENT GEOLOGICAL DISCOYERIES IN MORAYSHD 



At a meeting of the Geological Society, of London 
on the 15th December 1858, Part III. of a paper b 
Roderick Murchison, on " the Geological Structure c 
iforth of Scotland," was read. 

Referring to his previous memoir for an account o 
triple division of the Old Red Sandstone of Caithnes 
the Orkney Islands, Sir Roderick showed how the 
member of the group in those tracts diminished i 
range southwards into Ross-shire, and how, when trac 
through Inverness and Nairn, it was scarcely to be r 
nized in Morayshire, but reappeared, with its characte 
ichthyolites, in Banfishire (Dipple, Tynet, and Gas 
Be then prefaced his description of the ascending ord 
the strata belonging to this group in Morayshira 
sketch of the successive labors of geologists in thai 
trict; pointing out how, in 1828, the sandstones and 
stones of this tract had been shown by Professor Sed^ 
and himself to constitute, together with the inferior 



n 1S99 tlie lale Dr. HiloofaMOB 
iVIilii M d diseoTcrj cf SmSl iJ w% in 
Ladj Gofdoa Crnnioing; and aho nad a TalaaUa^ 
OB the atradaie of tlie tneC,bcfere the Gcolog> 
Soektjy of vllicl^ to hSm, the aatlioi'% regrely an ab- 
ori^ had been pdbfidied.— (/Voe. tfeoL Aw. ToL SL 
p. 141.) Sir Roderick rmntod tbe diitiiel in the antamn 
of IMO^ and auide icctioni in the c nT iro na of Fotres and 
Slgia. Safanqnentlj, Mr. P. Daff of E^ poUfahed a 
■Skccek of the Geologj of Monqr*" with iDnstiative plalea 
of §immUthmf wftAmm, and a geological map^ faj Xr. John 
Hardn; and afterwards Mr. Alexander RoberlKm threw 
snch U^t upon the stmctore of the district, partieolari j 
as regarded deposits joanger than those nnder oonsidera- 
tXMi. An these writersi as well as Sedgwick and himseU^ 
had grooped the jellow and wbitish-j-eDow sandstones of 
E^ia with the Old Red Sandstone ; bat the disooTerjr in 
them of the nirions small reptile the Tderpdon Elgii^ 
eaM, described by Mantell in 1851 from a specimen in Mr. 
P. I>a^s collection, first occasioned doubts to arise req>ect- 
Ki^ the age of the deposit. Still, tbe sections by Captain 
Brickenden, who sent that reptile np to London, proved 
dkit it had been found in a sandstone which di|^>ed under 
^Ccms^one,^ and whidi passed downwards into the Old 
R<d 5ierie&. Captain Brickendm also sent to London nat- 
val impmaons of the foot-prints of an apparently rep- 
tiHsn animal in a slab of similar sandEtone, from tbe coast- 
rii;:e extcndii^ from Bnighead to Lossiemouth (Cum- 
vurtf^<'«^. Although adhering to hb original view re- 
^^<tXK die j^ of the sandstones, Sir R. Murchison could 
^^BM|^ harii^ mu^rincs and doubts, in common with 
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to which the Telerpeton belonged ; and hence he revinted 
the tract, eiaraining the critical points, in company with 
hb friend the Rev. G. Gordon, to whose sealons tabors he 
owned himself to be greatly indebted. In looking through 
the collectiona in the poblie Muaeam of El^n, and of Mr. 
P. Dn^ he was much etmck with the appearance of ser- 
eral nadeseribed fbeula, ^iparently belonging to reptiles, 
which, by the liberality of their poaaeaaors, were, at hia 
reqneat, aent np for inapeotion to the Mosenm of Pracdcal 
Geology. He waa also mach astonished at the state of 
preservation of a laige bone (iachuan) apparently belong- 
ing to a reptile, found by Hr. Martin in the same sand- 
stone qnarriea of Z<oesiemoath in which the aoalea or scntea 
of the St^^nolepia, described aa belonging to a~ fish by 
Agassiz, had been fbnnd. On visiting these qnarries, Mr. 
G. Gordon and himself fortunately discovered other bones 
of the same animal; and these, having been compared 
with the remains iu the Elgin coUections, have enabled 
Professor Huxley to d^de tliat, with the exception of the 
Telerpeton, all these casts, acales, and bones belong to the 
reptile JSloffonolqHi Jtobtrtacni. Sir Rodericl^ having 
viait«d tbe quarries in the coast^dge, from which slabs 
with impreaiions of reptilian foot-marks had long been 
obtdned, induced Mr. G. Gordon to transmit a variety of 
these, which are now in the Museum of Practical Geology, 
and of which some were exhibited at the meeting. 

After reviewing the whole aucoession of strata, from the 
edge of the crystalline rocka in the interior to the bold 
cliffit on the sea-coast, the author has satisfied himself that 
the reptile-bearing sandstones must be considered to form 
the uppermost portion of the Old Red Sandstone, or Dev- 
onian group, the following being among the chief reasons 
for hia adherence to ttus view : — 1. That these sandstoaes 
86 




have everywhere the same strike and dip as the inferior 
red eandstones couLaining Holoptycliii and other Old Red 
icJithyolitea, there being a perfect conformity between the 
two rocks, and a gradnal passage from tlie one into the 
Other. 2. That the yellow and light colors of the upper 
band are seen in natural sections to occur and attcmiitfi 
with red and green sandstones, marls, and conglomerat«8 
low down in the iohthyohtic series. 3. That while the 
concretionary limestones c^led " Comstones " are sees 
amidst some of the lowest red and green coDglomeratea, 
they reappear in a younger and broader zone at Elgin, 
and reoccur above the Telerpeton -stone at Spynie Hill, 
and above the Stagonole pis-sand stone of Lossiemouth; 
thus billing the- w-liole into oiif iiiitur:il physical group, 
4. That whilst the emaU patches of so-called "Wealden" 
or Oolitio strata, deaciibed by Mr. Robertson and others 
occiuiDg in this district, are wholly unconformable to^ and 
rest upon, the eroded Bur&ces of all the rocks nnder con- 
sideration, BO it was shown that none of the Oolitic or 
Liassic rocks of the opposite side of the Moray Frith, or 
those of Brora, Dunrobin, Eathie, etc., which are charged 
with Oolitic and Liassic remains, resemble the reptiliferous 
sandstones and " Cornstones" of Elgin, or their repetitiona 
in the coast-ridge that extends from Bnrghead to Lossie- 
mouth. Fully aware of the great difficulty of determin' 
ing the exact bauTidary4ine between the XTj^>enw>st Devo- 
nian and Lovieet Carbonyferovt strata, and knoteing that 
they pass into each other in many countries, the axUkor 
stated that no one could dogmatically assert that the rep- 
tile-bearing sandstones might not, by future researches, be 
proved to form tfie commencement of the younger era. 

Sir Roderick concluded by stating that the conversion 
of the StogoQolepis into a reptile of high organization. 



A GEOLOGISTS PORTFOLIO, 
tlioiigli of non<le8crij)t cliaracters, did not intkuti 

WITH HIS LOXG-CHEKISHED OPINION FOUNDED ON 

KNOWLEDGED FACTS AS TO THS PBOGRESSIYE SUC( 

SIGN OF GREAT CLASSES OF ANIMALS, Ofld thuty tnOSm 

as the earliest trilobite of the invertebrate Lower Silur 
era was as wonderfully organized as any living Gruu 
ceany so it did not unsettle his belie/ to find that the ea 
est reptiles yet recognized^ — t?ie Stagonokpis and Tekt 
tony — pertained to a high order of that class. 

At the same meeting, papers were read ^ On the Sta 
nolepis Hobertsoni of the Elgin Sandstones, and on 
Footmarks in the Sandstones of Cummingston,^ by Mr 
H. Huxley ; as well as one ^ On Fossil Foot-prints in 
Old Red Sandstones at Commingston/' by S. H. Beck 
Esq. 



THE END. 
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